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INTRODUCTION 


Maw has long been interested in the origin of his culti- 
vated plants, for they are the foundations upon which his 
various civilizations have been built. Primitive peoples 
frequently regarded their plants as gifts of the gods, but 
modern man seeks more natural explanations, both to 
satisfy his curiosity and to provide a sound basis for plant 
improvement projects. 

The present paper is an attempt to bring together the 
available evidence on the origin of oats, the world’s fourth 
most important cereal crop (Stanton, 1953). It is pro- 
posed to attack the problem by reviewing: the several 
systems of classification of the genus Avena L., together 
with the geographical distributions of the species; the 
cytological and genetical interrelations; and finally, the 
impact of man upon the genus. 

The author wishes to acknowledge his indebtedness to 
Elizabeth Alden and Tatiana Taitschevsky who trans- 
lated Russian references and to Drs. Albert F. Hill and 
Paul C. Mangelsdorf for their valuable criticisms and 
suggestions. 


Part I. CLassiFICATION AND DISTRIBUTION 
The genus Avena is generally considered as consisting 
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of two sections: Huavena Griseb., which contains the 
cultivated oats and related wild annuals; and Avenastrum 
C. Koch, which comprises about forty species of wild per- 
ennials, most frequent in northern Eurasia, but with two 
species native to western North America. By recent 
authors (Hitchcock, 1950; Clapham et al., 1952) the sec- 
tion Avenastrum is treated as the genus Helictotrichon 
Besser. In the present paper oy the section Huavena 
will be considered. 


Natural Systems of Classification 


Three students, Cosson (1854), Thellung (1911) and 
Mal’tsev (1929), have each attempted to devise a natural 
classification for the section Huavena. 

Cosson divided the section into subsection Sativae con- 
taining the cultivated species, and subsection 4 grestes 
containing the wild. This division is based on the fact 
that the spikelets of the cultivated species are firmly at- 
tached to the rachilla and do not fall at maturity, whereas 
the spikelets of the wild species are articulated to the 
rachilla and fall spontaneously when ripe. Cosson further 
divided the Agrestes into the series Biformes in which 
only the lower floret is articulated so that the spikelet 
falls as a unit, and the series Conformes with all florets 
articulated and falling separately. The disposition of 
species by Cosson is: 

Subsect. I. Sativae 

A. sativa, A. orientalis, A. strigosa, A. brevis, A. nuda 

Subsect. II. Agrestes 

Series 1. Biformes 
A. ventricosa, A. sterilis, A. eriantha 
Series 2. Conformes 
A. longiglumis, A. clauda, A. hirsuta, A. fatua 


The system of Thellung is based on the assumption 
that each of the cultivated species is related to and de- 
rived from some wild species. Accordingly the Sativae 
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of Cosson are distributed between the Biformes and Con- 
JSormes. Unfortunately several wild species are not con- 
sidered. The disposition of species by Thellung is: 
Subsect. I. Biformes 
A, sterilis ssp. 1 macrocarpa 
ssp. 2 byzantina 
Subsect. II. Conformes 
A. fatua ssp. 1 fatua 
ssp. 2 sativa (incl. A. orientalis) 
ssp. 3 nuda 
A. strigosa ssp. 1 barbata 
ssp. 2 strigosa (incl. A. brevis) 
ssp. 3 Wiestii 
ssp. 4 abyssinica 


The system of Mal’tsev was developed after an exten- 
sive study of herbarium material and of a series of plant- 
ings of Avena species in various parts of the U.S.S.R. 
The material was gathered by the expeditions of Vavilov 
and associates, the geographical and ecological data col- 
lected by the expeditions being used in the treatment. 
On the basis of chromosome numbers Mal’tsev divided 
the section into subsection Aristulatae and subsection 
Denticulatae. Subsection Aristulatae contains the diploid 
and tetraploid species. It is regarded as the older, per- 
haps derived from section Avenastrum, with its center 
of origin in the western part of the Mediterranean region. 
Subsection Denticulatae contains the hexaploid oats and 
is believed to be the younger. It is regarded as having 
arisen from an unknown ancestral complex in the moun- 
tains of Central Asia, a conclusion which Schiemann 
(1932) says has not been shown to be based on fact. The 
characters used by Mal’tsev to define his subsections and 
series will be given in the key. In the following outline 
of the system all cultivated oats are marked by asterisks 
and each is believed to be derived from the wild subspe- 
cies which immediately precedes it. The division into 
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chromosome groups is provided for the convenience of 
the reader and is not part of Mal’tsev’s system. 


Subsection I. Aristulatae 
Diploid Group 2n=14 
Series 1. Inaequaliglumes 
1. A. clauda 
2. A. pilosa 
Series 2. Stipitatae 
3. A. longiglumis 
4, A. ventricosa sens. ampl. 
ssp. 1. ventricosa 
2. Bruhnsiana 
Series 3. Eubarbatae 
5. A. strigosa sens. ampl. 
ssp. 1. hirtula 
2. strigosa*® 
Tetraploid Group 2n=28 
ssp. 3. barbata 
4. Wiestit 
5. Vaviloviana 
6. abyssinica* 
Subsection II. Denticulatae 
Hexaploid Group 2n=42 
6. A. fatua sens. ampl. 
ssp. 1. septentrionalis 
2. nodipilosa* 
. meridionalis 
. macrantha* 
. fatua 
. sativa*® 


“1D or kf 


. cultiformis 
8. praegravis* 
7. A. sterilis sens. ampl. 
ssp. 1. Ludoviciana 
2. pseudo-sativa* 
8. trichophylla 
4. nodipubescens* 
5. macrocarpa 
6. bysantina*® 


[ 268 ] 


In the present paper, following Mordvinkina (19386), 
binomials are restored to several of the taxa treated as 
subspecies by Thellung and Mal’tsev. This is scarcely 
justifiable in the case of A. strigosa sens. ampl. which 
seems to form a unified although poorly understood 
group. The division of subsection Denticulatae into the 
traditional four species is also questionable, it being prob- 
able that these oats comprise but one highly polymor- 
phous species. The present treatment follows common 
practice and is justifiable only for the sake of convenience. 


Key for the Determination of Species 
(largely after Mordvinkina, 1936) 


A. Lemma usually ending in two slender awns; plants mostly slen- 
der. (Subsect. Aristulatae Malz.) 
B. Glumes very unequal, upper almost twice as long as lower; 
2n= 14 (Series Inaequaliglumes Malz. ) 
C. All florets of spikelet articulated, falling separately at ma- 
turity A, clauda 
C. Only lower floret articulated, spikelet falling as a unit 
A. pilosa 
B. Glumes equal or subequal 
D. Callus 5-10 mm. long, subulate; 2n=14 (Series Stipitatae 
Malz.) 
E. All florets articulated A. longiglumis 
E. Only the lower floret articulated 


F. Callus+5 mm. long; glumes 25-30 mm. long 
A. ventricosa 


F. Callus to 10 mm. long; glumes to 40 mm. long 
A. Bruhnsiana 


D. Callus about 2 mm. long; 2n=14 or 28 (Series Eubarbatae 
Mallz. ) 
G. Lemma ending in 2 awns and having | or 2 lateral teeth; 
glumes with 7-9 nerves 
H. Lemma with 1 lateral tooth (sometimes none); awns 
at tip of lemma usually exserted beyond the glumes 
I. Florets articulated, articulation-scar oblong-linear ; 
awns at tip of lemma to 12 mm. long A, hirtula 
I. Florets not articulated; awns 1-5 mm. long 


A. strigosa 
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H. Lemma with 2 lateral teeth; awns not exserted 
J. Florets articulated, scar oval or round 


K. Awns at tip of lemma 3-6 mm. long 
A. Wiesti 


K. Awns+1 mm. long A. Vaviloviana 


J. Florets not articulated; awns 1—4 mm. long 
A. abyssinica 


G. Lemma ending in 2 awns to 5 mm. long, lateral teeth 
wanting; glumes with 9(10) nerves; articulation-scar 
oblong A. barbata 

A. Lemma usually ending in two small teeth, never produced into 
two setiform awns; plants mostly robust; 2n=42 (Subsect. Den- 
ticulatae Malz.) 

L. Lower floret articulated with the rachilla 


M. Upper florets not articulated, spikelet falling as a unit 
A. sterilis 


M. All florets articulated A. fatua 

L. None of the florets articulated, separated by fracture of rachilla 
N. Most of rachilla segment remains attached to upper floret 
on threshing; fracture surface at base of lower floret slant- 


ing A. byzantina 
N. Rachilla segment remains attached to lower floret; fracture 
surface not slanting A. sativa 


Distribution and Relationships of Avena Species 


1. A. clauda Dur. A wild oat found in Algeria 
(Battandier and Trabut, 1904), Tripoli, Palestine (Post, 
1933), Asia Minor, Iraq, Transcaucasia and eastward to 
Turkistan (Mal’tsev, 1929). Reported as rare in Attica, 
Greece (DeHalacsy, 1904). 

Mal’tsev says this species more closely resembles the 
genus Helictotrichon than any other Avena species. He 
therefore considers it to be the most ancient, and to have 
given rise to the remainder of the Avistulatae through 
A. longiglumis. 


2. A. pilosa M. Bieb. A wild oat occurring in north- 
ern Algeria (Battandier and Trabut, 1904), Tripoli, Syria 


(Post, 1933), Asia Minor, the Caucasus and eastward to 
southern Turkmenistan (Mal’tsev, 1929). 
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Battandier and Trabut, and Mordvinkina (1936) state 
that only the lower floret of 4. pilosa is articulated, while 
Post (1933) says that none of the florets are jointed to 
the axis. Haussknecht (1894), according to Thellung 
(1911), noted the same variation and believed this species 
to be a variety of A. clauda, differing only in the man- 
ner of floret attachment. Mal’tsev treats 4. pilosa as 
closely related to and derived from A. clauda by a side 
branch of the main phylogenetic trunk. Both species, 
according to him, have unequal glumes, a linear callus 
about 3 mm. long and a linear-elliptical articulation-scar. 


3. A.longiglumis Dur. A wild oat found in southern 
Spain (Willkomm and Lange, 1870), Algeria (Battandier 
and Trabut, 1904), Palestine (Post, 1933) and Greece 
(DeHalacsy, 1904). Mal’tsev believes it to have given 
rise to A. ventricosa on the one hand, and to A. strigosa 
sens. ampl. on the other. 


4. A. ventricosa Bal. A wild oat restricted to west- 
ern Algeria (Battandier and Trabut, 1904; Mal’tsev, 
1929). Mal’tsev derived this species from the preceding 
by a side branch of the main phylogenetic trunk. It re- 
sembles A. longiglumis in having equal glumes and a long 
callus with a narrow linear scar. It differs in having only 
the lower floret articulated, as in A. pilosa. 


5. A.Bruhnsiana Grun. A wild oat restricted to the 
Apsheron Peninsulain eastern Transcaucasia, and treated 
by Mal’tsev as a subspecies of 4. ventricosa from which 
it differs by the larger size of its spikelet-parts. Although 
the two are now separated by some 2500 miles, we do not 
know what migrations they may have undergone in the 
past. The wide gap is partially spanned by 4. longiglu- 
mis from which they may have evolved independently. 
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6. A. hirtula Lag. =A. strigosa Schreb. ssp. hirtula 
(Lag.) Malz. A wild oat which is restricted to the west- 
ern portion of the Iberian Peninsula (Mordvinkina, 
1936). According to Thellung(1911)and Mal’tsev(1929), 
A. hirtula is intermediate in its characters between A. 
Wiestii and A. barbata. Mal’tsev derives the remaining 
diploid and tetraploid oats from this species. 


7. A. strigosa Schreb.= A: strigosa Schreb. ssp. 
strigosa (Schreb.) Thell. The hairy or sand oat occurs as 
a weed throughout northwestern Europe from Portugal 
to southern Finland (Vavilov, 1926; Werth, 1944). Thel- 
lung reports it as sometimes cultivated on sandy soils in 
Portugal and Spain, western and central France, Belgium, 
northwestern Germany and Great Britain. Vavilov says 
it is only met with as a crop in France and Great Britain. 
In England it{is rare and local, being found only as a 
weed in grain fields (Clapham et al., 1952), while Stan- 
ton (1986) reports that an improved strain has been de- 
veloped in Wales. A. strigosa has two variants which 
are sometimes called species and sometimes proles (races). 
These are A. brevis and A. nudibrevis. 

A. brevis Roth=ssp. strigosa prol. brevis (Roth) Haus- 
skn. The short oat, like the typical st77gosa, is adapted 
to unfavorable soil conditions and is sometimes cultivated 
in Portugal, Spain, France and northwestern Germany 
(Thellung, 1911). It is distinguished by its blunt lemmas 
which end in two teeth rather than in two awns. 

A.nudibrevis Vav. = ssp. strigosa prol. nuda (L.) Haus- 
skn. =A. nuda L. var. biaristata Asch. & Gr. The small- 
grained naked oat is occasionally cultivated in northwest- 
ern Germany (Vavilov, 1926). 4. nudibrevis differs from 
the typical strigosa in having lemmas which do not be- 
come indurated at maturity, but remain membranous 
allowing the loosely enclosed grains to be readily threshed 
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free. It was once thought that all naked oats (the so- 
called species 4. nuda L.) came from China where hex- 
aploid naked oats are widely grown. The cytological work 
of Nikolaewa (1922)revealed that the small-grained naked 
oat was a diploid and undoubtedly European in origin. 
Later Mal’tsev showed 4. nuda to be a highly diverse 
assemblage, containing, in addition to the present oat, 
four proles belonging to 4. sativa and one to 4.byzantina. 

A. strigosa and its variants are the only diploid culti- 
vated oats and are geographically isolated from all other 
diploids except A. hirtula. Mal’tsev derived A. strigosa 
from A. hirtula, a judgment sounder than those of Thel- 
lung (1911, 1928) and Trabut (1914) who suggested the 
tetraploid A. barbata had given rise to A. strigosa. De 
Candolle (1888) stated that 4. strigosa appeared to be a 
form of A. sativa, so subtle are the differences between 
the various cultivated oats. 


8. A. Wiestii Steud. = A. strigosa Schreb. ssp. Wiestii 
(Steud.) Thell. A desert plant which is widespread in 
North Africa (Trabut, 1914), Egypt (Tackholm et al., 
1941), Syria and Palestine (Post, 1933), Iraq and rare in 
eastern Transcaucasia (Mal’tsev, 1929). 

It is possible that both diploid and tetraploid oats exist 
which answer the description of 4. Wresti, but this will 
be considered later. Mal’tsev treats it as a tetraploid. 
Thellung (1911) and Trabut (1914) suggest that 4. 
Wrestii is the wild species from which A. abyssinica has 
been derived, and in 1928 the former gave six transitional 
forms between the two. 


9. A. Vaviloviana (Malz.) Mordv. = A. strigosa 
Schreb. ssp. Vaviloviana Malz. =? ssp. Wiestu (Steud.) 
Thell. var. pseudo-abyssinica Thell. A wild oat restricted 
to Abyssinia and Eritrea (Mal’tsev, 1929). 
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A. Vaviloviana, which scarcely deserves the rank of 
species, appears to be a short-awned variety of 4. Wiestit. 
It is regarded by Mal’tsev as the wild oat from which 
A. abyssinica has been derived. 


10. A.abyssinica Hochst.=A.strigosa Schreb. ssp. 
abyssinica (Hochst.) Thell. = A. sativa L. var. abyssinica 
Engler. This oat is restricted to Abyssinia, Eritrea and 
Yemen (Mal’tsev, 1929) where it is both cultivated and 
semi-wild (Vavilov, 1926). Harlan reports (Stanton and 
Dorsey, 1927) observing it rarely in Abyssinia and only 
as an admixture in barley fields. The natives informed 
him they had seeded it in the barley fields intentionally. 

A. abyssinica is the only cultivated tetraploid oat. It 
is described by Mal’tsev as having the awn-points at the 
tip of the lemma reduced to 1 mm. as in A. Vavilovi- 
ana. However, Stanton and Dorsey describe plants of 
this species as having the awn-points 2-4 mm. long. 
Evidently Mal’tsev was unaware of the range of varia- 
tion in A. abyssinica. 


11. A.barbata Pott= A. strigosa Schreb. ssp. barbata 
(Pott) Thell. A wild oat occurring along the Atlantic 
coast of Europe from Brittany southward, throughout 
the Mediterranean region (Thellung, 1911) and extend- 
ing eastward through Transcaucasia and southern Turkis- 
tan to Afghanistan and the western Himalayas (Mal’tsev, 
1929). A. barbata has been introduced into the United 
States, where it occurs as a common weed from Wash- 
ington and Oregon to Arizona and California (Hitch- 
cock, 1950). 


12. A. sterilis ZL. sens. ampl. excl. form. cult. The 
wild red oat, a hexaploid complex distinguished by the 
lack of articulation of the upper florets, isan Old World 
species, ranging from the Atlantic to the Himalayas, and 
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may be divided into three subspecies: sterilis, trichophylla 
and Ludoviciana. 

Ssp. Sterilis =ssp. macrocarpa (Moench) Briq. A stout 
plant with large grains, spikelets with 3-5 florets, glumes 
30-50 mm. long, culm-nodes glabrous. It is strictly 
Mediterranean in distribution (Mal’tsev, 1929). 

Ssp. trichophylla (C. Koch) Malz. A more slender 
plant with medium-sized grains, spikelets with 2-3 florets, 
glumes 25-35 mm. long, culm-nodes pubescent. It shares 
the easternmost range of ssp. sterilis in Palestine, Syria 
and western Asia Minor, but it extends eastward through 
Asia Minor to Transcaucasia, western Iran and Iraq 
(Mal’tsev, 1929). Mal’tsev regards this subspecies as 
intermediate between ssp. sterilis and ssp. Ludoviciana. 

Ssp. Ludoviciana (Dur.) G. & M., is a plant with 
small grains, spikelets with 2 (rarely 3) florets, glumes 
25-30 mm. long, and glabrous culm-nodes. It ranges 
from southern England (Clapham et al., 1952), through 
France, Switzerland, Italy (Thellung, 1911), Spain 
(Willkomm and Lange, 1870) to North Africa (Battan- 
dier and Trabut, 1904). It is scattered throughout the 
Mediterranean region and becomes more abundant from 
Asia Minor through southern Russia, the Caucasus, 
southern Turkmenistan and northern Iran to Afghanistan 
and Turkistan (Mal’tsev, 1929). This subspecies, which 
has the general aspect of 4. fatwa, occurs largely in areas 
where the ranges of 4. sterilis and A. fatwa meet or 
overlap. 

Since the similarities between the two species were 
pointed out by Trabut (1914), it has been universally be- 
lieved that 4. byzantina has been derived from A. steri- 
lis. Thellung (1928) has distinguished 15 transitional 
forms. Recently Coffman (1946) has proposed the theory 
that A. sterilis is the progenitor of all other hexaploid 
oats. 
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13. A. byzantina C. Koch, the cultivated red oat, is 
grown in southern Spain, southern Italy, Greece, North 
Africa and Asia Minor (Vavilov, 1926) and in the south- 
ern part of the United States, South America, Australia 
and New Zealand (Stanton, 19538). 

A. byzantina, distinguished from A. sterilis by its non- 
articulate spikelets, has three subspecies: byzantina, nodi- 
pubescens and pseudo-sativa. According to Mal’tsev 
(1929), these are derived from A. sterilis subspecies steri- 
lis, trichophylla and Ludoviciana respectively. Except for 
the non-articulate spikelets, the subspecies of 4. byzan- 
tina resemble the subspecies of A. sterilis from which 
they are supposedly derived and may be determined 
accordingly. 

Ssp. byzantina, the one most commonly cultivated, 
has the rare naked prol. denudata (Hausskn.) Malz. Ssp. 
nodipubescens Malz. occurs from Asia Minor to Pal- 
estine, while ssp. pseudo-sativa Thell. has been re- 
ported from Switzerland and Uruguay. 

That A. sterilis has contributed to the formation of 
A. byzantina seems logical on the basis of geography and 
on the facts that both species are resistant to heat and 
cold and to many of the ordinary diseases of oats (Coff- 
man, 1946). None of these similarities extends to A. 
JSatua, the only other wild hexaploid oat. For the deri- 
vation of 4. byzantina from A. sterilis it requires only 
that the spikelet-articulation of the latter cease to func- 
tion. Vavilov (1950) placed the center of origin of 4. 
byzantina in the Near East. 


14. A. fatua L. sens. ampl. excl. form. cult. is a wild 
oat with a vast range across Eurasia from the Atlantic to 
Mongolia. It has been widely introduced into North 
America and is a troublesome weed in the hard spring 
wheat areas of Minnesota, the Dakotas, Montana and 
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adjacent Canada (Stanton, 1936). Thellung (1911) re- 
ports it to be adventive in South Africa, South America, 
Australia and New Zealand. Tackholm et al. (1941) re- 
port it from Egypt, Cyrenaica, Tunis, Algeria and Mo- 
rocco. It may be divided into four subspecies: meridion- 
alis, septentrionalis, fatua and cultiformis. 

Ssp. meridionalis Malz., with glumes to 30 mm. 
long, elongate-lanceolate lemmas to 25 mm. long and 
mostly glabrous culm-nodes, is the southernmost sub- 
species, ranging from the mountains of south central 
Asia through Afghanistan, Iran, Transcaucasia and Asia 
Minor to Egypt (Mal’tsev, 1929). 

Ssp. septentrionalis Malz., with glumes to 25 mm., 
lanceolate lemmas to 20 mm. long and culm-nodes always 
pubescent, extends from northern Russia and the Ural 
region through western and central Siberia to the Lake 
Baikal region and Mongolia, thence southwestward 
through the mountains of central Asia from the Altai to 
the Pamir Plateau, the Hindu Kush and the northwest 
Himalayas. 

Ssp. fatua, with glumes to 25 mm. long, lanceolate 
lemmas to 20 mm. long, grains 1.5-2 mm. thick, and 
culm-nodes always glabrous, is the western subspecies 
ranging from Turkistan and the Caucasus through south- 
ern Russia, Poland and the whole of western Europe. 

Ssp. cultiformis Mailz., with glumes to 25 mm. long, 
ovate-lanceolate lemmas to 20 mm. long, grains 2-3 mm. 
thick, and with culm-nodes always glabrous, appears to 
have no well-defined geographical range. It is reported 
by Mal’tsev as being most common in North America, 
but occurring also in Europe eastward to central Russia. 

A. fatwa is generally believed (Thellung, 1911; Tra- 
but, 1914; Mal’tsev, 1929) to be the progenitor of A. 
sativa and Thellung (1928) gave 21 transitional forms. 
It will be recalled that Thellung (1911) placed A. sterilis 
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and its derivatives in subsection Biformes and A. fatua 
with its derivatives in subsection Conformes. Similarly 
Mal’tsev divided the hexaploid oats into two indepen- 
dent species: A. fatua sens. ampl. and A. sterilis sens. 
ampl. Coffman (1946), however, is convinced that all 
hexaploid oats are derived monophyletically from 4. 
sterilis, and regards A. fatwa as an aberrant weed. It must 
be remembered, however, that it is the cultivated oats, 
with their lack of floret-articulation, which are ‘‘aber- 
rant.’’ 4. fatua, although a weed, is a perfectly normal 
self-propagating grass. 


15. A.sativa L.,the common cultivated oat, is widely 
grown throughout northern Eurasia and in the northern 
United States and Canada. According to Stanton (1958), 
it is the most important cultivated oat. 

A. sativa may be divided into four subspecies: macran- 
tha, nodipilosa, sativa and praegravis, derived according 
to Mal’tsev (1929), from subspecies meridionalis, septen- 
trionalis, fatua and cultiformis of A. fatua respectively. 
Except for the non-articulate florets, the subspecies of 
A. sativa resemble the subspecies of 4. fatua from which 
they are supposedly derived and may thus be determined. 

Ssp. macrantha (Hack.) Malz. occurs as a weed in 
grain fields over much of the same range as A. fatua 
ssp. meridionalis. It has the rare naked prol. nudata Malz. 

Ssp. nodipilosa Malz. is cultivated principally in 
northern Russia, the Ural region, Siberia and Mongolia. 
It has the naked prol. decorticata Malz. which is culti- 
vated in Mongolia and northern China. 

Ssp. Sativa is the most commonly cultivated oat. It 
has the naked prol. chinensis (Fisch. ) Malz. which is some- 
times grown in Europe and North America. 

Ssp. praegravis (Krause) Malz. is cultivated prin- 
cipally in southern Russia, Europe and North America. 
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Its naked prol. grandiuscula Malz. is sometimes grown 
in Europe and North America. 

The so-called 4. orientalis Schreber is any form of 4. 
sattva with a condensed, one-sided panicle, a not infre- 
quent variation. 

The similarity between the ranges of 4. fatua and A. 
sattva, which extends to the subspecies, suggests a close 
relationship between the two, as does the parallel varia- 
tion of the subspecies. The morphology of the spikelets 
of the two species also suggests a relationship, for with A. 
sativa, when the upper florets are separated by fracture 
of the rachilla, the rachilla segment remains attached to 
the lower floret exactly as with 4. fatua, and different 
from A. sterilis and A. byzantina where the rachilla seg- 
ment remains attached to the upper floret. These similar- 
ities have previously been interpreted as indicating that 
A. sativa arose from A. fatwa, but Coffman (1946) has 
suggested the reverse might be true. Vavilov(1950) placed 
the center of origin of A. sativa in the Near East region. 

Conclusions 

From the foregoing discussion it seems clear that the 
diploid species, with the notable exception of A. strigosa, 
have limited ranges in the Mediterranean region, a few 
also extending into the Near East. The tetraploids oc- 
cupy the same general area as the diploids, but are better 
represented in the Near East. A. Vaviloviana and A. 
abyssinica, however, are somewhat isolated to the south. 
The hexaploids A. sterilis and A. byzantina are largely 
restricted to the Mediterranean and Near Fast regions, 
while 4. fatua and A. sativa extend from those regions 
far to the north and northeast. 

It is also clear that phylogenetic studies have reached 
an unanimous conclusion on the derivation of the culti- 
vated species only in the case of A. byzantina. The inter- 
relationships among the wild species are equally obscure. 


[ 279 ] 


Parr Il. THe EvipENCE FROM CyTOLOGY 
Chromosome Numbers 


Following is a list of the chromosome numbers which 
have been reported for Avena species, together with 
authorities for the counts. The list of authorities is in- 
complete, but in cases of disputed counts it indicates 
which count has been verified by several authors. 


1. A. clauda 2n=14 Nikolaewa, 1922; Emme, 1930. 

2. A. pilosa 2n=14 Nikolaewa, 1922. 

3. A. longiglumis 2n=14 Ellison, 1940. 

4. A. ventricosa 2n=14 Emme, 1930. 

5. A. Bruhnsiana 2n=14 Emme, 1930. 

6. A. hirtula 2n=14 Emme, 1930; Ellison, 1940. 

7. A. strigosa Q2n=14 Kihara,1919; Nikolaewa,1922; Winge, 


1925; Aase and Powers, 1926; Hus- 
kins, 1927; Nishiyama, 1929; Emme, 
1930; Spier, 1934; Ellison, 1940. 

8. A. Wiestia 2n=14 Dorsey, 1925; Aase and Powers, 1926; 
Huskins, 1927; Kiharaand Nishiyama, 
1932; Spier, 1934; Ellison, 1940. 

2n=28 Emme, 1930. 

9. A. Vaviloviana 2n=28 Emme, 1930. 

10. A. abyssinica 2n=28 Stanton and Dorsey, 1927; Emme, 
1930; Kihara and Nishiyama, 1932; 
Spier, 1934; Ellison, 1940. 

11. A. barbata 2n=28 Kihara, 1919; Dorsey, 1925; Huskins, 
1927; Nishiyama, 1929; Emme, 1930; 
Spier, 1934; Ellison, 1940. 

2n=32 Nikolaewa, 1922. 

12. A. sterilis 2n=42 Kihara, 1919; Huskins, 1927; Nishi- 

yama, 1929; Emme, 1930; Spier, 1934. 
2n=44 Nikolaewa, 1922. 

13. A. bysantina 2n=42 Kihara, 1919; Dorsey, 1925; Huskins, 

1927; Nishiyama, 1929; Emme, 1930. 
2n=44 Nikolaewa, 1922. 

14. A. fatua 2n=42 Kihara, 1919; Huskins, 1927; Nishi- 

yama, 1929; Emme, 1930. 
2n=48 Nikolaewa, 1922. 

15. A. sativa 2n=42 Kihara, 1919; Winge, 1926; Aase and 
Powers, 1926; Huskins, 1927; Nishi- 
yama, 1929; Emme, 1930; Spier,1934. 

2n=48 Nikolaewa, 1922. 
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The counts obtained by Nikolaewa on the polyploid 
species differ from those of all other workers and proba- 
bly represent errors. 

The case of A. Wiestii is a different matter. Emme 
(1930), working in conjunction with the taxonomist 
Mal’tsev, found 4. Wiestii to be a tetraploid, but stated 
that an oat from Palestine, which Vavilov said was essen- 
tially A. Wiesti, was a diploid. The oat found by Spier 
(1934), Huskins (1927) and Dorsey (1925) to be diploid 
is described by Stanton and Dorsey (1927) and is said to 
have been received from Egypt. It also appears to be 
essentially 4. Wiesti except for usually having 9-nerved 
glumes. A. Wresti sensu Mal’tsev has glumes with 7(8) 
nerves. Similarly 4. barbata may have both diploid and 
tetraploid forms. Jones (1940) reports having received 
many years ago, as animpurity in seed of 4. Wiestii, an 
oat which was identified as 4.barbata until Ellison (1938) 
found it to be a diploid. This diploid oat goes under the 
designation of Ccl1795. Clearly more work is required 
before the relationships between the diploid and tetra- 
ploid species can be understood. 


Genome Analysis 


Although the chromosome numbers indicate certain 
Avena species to be polyploids, every cytologist and ge- 
neticist who has studied the polyploid species has found 
them to behave like diploids with complete bivalent for- 
mation at meiosis and high fertility. In discussing how 
this situation came about, Philp (1983) suggested the 
tetraploids may be auto- or allopolyploids arising from 
one or two diploid species, while the hexaploids probably 
arose from a tetraploid and a diploid and so ultimately 
may have been derived from two or three diploid species. 
The study of chromosome pairing at meiosis in the Fi 
hybrids of interspecific Avena crosses has shed a certain 
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amount of light on the origins of the polyploid species, 
as well as the relationships between species having the 
same chromosome number. 


Diploid X Diploid—Genome analyses between diploid 
Avena species have been restricted to the series Hubar- 
batae. The F, of A. strigosa brevis A. strigosa showed 
normal bivalent formation (Ellison, 1988). The chromo- 
somes of A. Wiestii are very similar to those of A. stri- 
gosa, as Nishiyama (1983) crossed these two species with 
a synthetic diploid and 7 normal bivalents were observed 
in the F; of both crosses. 

The chromosomes of A. hirtula show slight structural 
differentiation from those of A. strigosa, for in the Fi of 
A hirtulaX A. strigosa brevis Ellison (1940) found com- 
plete pairing in most cells, but 1% of the cells examined 
showed 6 bivalents and 2 univalents while in many cells 
1 bivalent was found to consist of heteromorphic homo- 
logues. Greater differentiation is shown by the oat 
Cce1795 which has been crossed with A. Wiest and A. 
strigosa brevis (Ellison, 1940), and in both cases 5 biva- 
lents and 1 quadrivalent were regularly observed. 

The above evidence suggests the chromosomes of A. 
strigosa, A. Wiest and the synthetic diploid are very 
similar. Nishiyama (1936) has represented the genome 
of these species as AA. Although showing some differ- 
entiation, the genome constitution of 4. hirtula and 
Cc1795 appears to be AA also. 


TetraploidX Tetraploid—Eliison (1938) observed mei- 
otic behavior in the F; of 4. barbataX A. abyssinica and 
found complete bivalent formation in most cells. How- 
ever, 15% of the cells showed 1 quadrivalent and cells 
having no quadrivalent sometimes had 2 or 4 univalents 
or a univalent and a trivalent. Ellison believed this irreg- 
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ularity to be due to segmental interchange. Otherwise 
the genome constitution of 4.barbata, which was repre- 
sented as A A B/B’ by Nishiyama (1936), seems identical 
to that of A. abyssinica. 


Hexaploid x Hexaploid—Nishiyama (1929) examined 
chromosome pairing in the F of four hexaploid species 
combinations and found 21 normal bivalents in the ma- 
jority of cells. Sometimes, however, 1 or 2 bivalents failed 
to form properly, resulting in univalents, a trivalent or 
a quadrivalent. Nishiyama suggested these irregularities 
were probably caused by mating between semi-homolo- 
gous chromosomes which are not normal partners. Nishi- 
yama expressed the degree of affinity between the gen- 
omes of the various species by the ratio of the number of 
bivalents found in the F; to the number expected. Full 
affinity between the parental genomes was given the 
value of unity, while no affinity was equal to zero. The 
values obtained by Nishiyama are: 


WAR SOLU ee ee OR998 Ts © ee. A. sativa 

Am fata? FA OPGOSER Te Se A, sterilis 
TEI CULO) here ede og ae OXOS Sis. De al, ie A. byzantina 
(AN Sstertltsteed naps 0.986: ee se he A. byzantina 


Spier (1934) reported complete bivalent formation in 
the F; of A. sterilisX A. sativa. A few cells damaged by 
pressure showed two univalents. 

Joshi (1951) studied meiotic behavior in the F\’s of 
crosses involving A. sativa, A. sterilis and A. fatua and 
found 6-13% of the pollen mother cells showed irregu- 
larities, the nature of which was not stated. The paren- 
tal species showed less than 2% irregularity, while the 
F, of spring X winter varieties of 4. sativa showed 14— 
31% of the cells having irregularities. In hybrids of 4. 
byzantina with A. sterilis, A. sativa and A. fatua 59-88 % 
of the cells showed irregularities. These results are prob- 
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ably comparable to those of Nishiyama (1929) who, in 
hybrids involving A. byzantina as one parent, found uni- 
valents in 29-33% of the cells examined, while in hy- 
brids involving only A. sativa, A. sterilis and A. fatua, 
univalents were found in 5-16% of the cells. 

From the above evidence it is clear that a high degree 
of homology exists between the genomes of the various 
hexaploid species. Nishiyama (1939) gave AABBCC as 
the genome constitution of A. -fatua and it is probable 
that this applies to all the hexaploid species. 


Tetraploid X Diploid—Meiosis in the triploid Fi of 
A. barbataX A. strigosa was investigated by Nishiyama 
(1929) who found the close genome affinity of 1.041 be- 
tween the two species. Usually 7 bivalents inclusive of 
trivalents were formed, but sometimes 8-9 bivalents in- 
clusive of trivalents were found. The number of triva- 
lents was 0-8 and rarely a quadrivalent was seen. How- 
ever, at least 3 lagging univalents were found at meta- 
phase I of all cells. Spier (1934) made the same cross 
and reported similar results, except that at least 4 uni- 
valents were found in all cells. 

Nishiyama (1986) made a further study of the genome 
constitution of A. barbata by crossing it with asynthetic 
autotetraploid of 4. strigosa having the genome consti- 
tution of AAAA. In the F; hybrid 12 bivalents were 
frequently found and sometimes 18. The number of uni- 
valents found varied from 0 to 5, but in most cases was 
1 or 2. In an extreme case all chromosomes entered into 
pairing relations, forming 11 bivalents and 2 trivalents. 
Thus it is evident that one genome of A. barbata is com- 
pletely homologous with genome A of A. strigosa, while 
the second is partially homologous to it. Nishiyama 
represented the genome constitution of A. barbata as 
AAB’B’. 
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Ellison (1940) reported the meiotic behavior of the 
triploid F; of A. longiglumis XA. abyssinica. The most 
frequent configuration found in 45% of the cells exam- 
ined consisted of 5 univalents, 5 bivalents and 2 triva- 
lents. Quadrivalents were rare, but each cell showed at 
least 1 trivalent or 1 quadrivalent. One cell had 4 uni- 
valents, 5 bivalents, 1 trivalent and 1 quadrivalent. As 
the meiotic behavior of this hybrid is very similar to that 
of A. barbataX A. strigosa and because the pairing in the 
F, of A. barbataX A. abyssinica, as discussed above, is 
very close, it seems certain that the genome constitution 
of A. abyssinica is AAB’B’. However, it is not clear 
whether 4. longiglumis is AA or B’B’. 


HexaploidX Diploid—The meiotic behavior of the tet- 
raploid F; of A. sativaX A. strigosa was reported by 
Kihara and Nishiyama (1932). The number of bivalents 
expected would be 7, while the number found ranged 
from 3 to 9 with the mode being 7. Multivalents found 
in the majority of cells had from 8 to 7 members. The 
same workers reported that in the tetraploid F; of A. 
fatuaX A. strigosa the situation was similar, but with 
the pairing perhaps a little weaker. The number of bi- 
valents ranged from 2 to 9 with the mode being 6. 
Among the multivalents one eight-membered structure 
was found. The multivalents were believed to be formed 
by the supernumerary chromosomes of A. sativa and A. 
fatua pairing among themselves. As it is impossible to 
tell how many bivalents are formed in this way, it cannot 
be considered as demonstrated that A. strigosa, A. sat- 
iva and A. fatwa have a common genome. 

On the other hand, Ellison (1940) reported that in the 
tetraploid F, of A. longiglumisX A. sativa there were 
usually at least 7 bivalents in each cell. Trivalent and 
quadrivalent formation were found to be less common 
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than in the triploid A. longiglumis XA. abyssinica. 'Thus 
it is possible that one genome of A. sativa is homologous 
to the genome of A. longiglumis, but we do not know 
whether the genome of A. longiglumis is A or B’. 


HewaploidX Tetraploid—Nishiyama (1929) studied 
pairing behavior in the F; pentaploid hybrids of A. bar- 
bataX A. fatua and A. barbataX A. sterilis. Chromo- 
some pairing was generally found to be loose with the 
bivalents formed often mated only at one end. On the 
basis of full homology 14 bivalents would be expected, 
but in 4. barbataX A. fatua 2-11 bivalents inclusive of 
1—4 trivalents were found, while in 4. barbataX A. steri- 
lis 7-18 bivalents inclusive of 0-4 trivalents were found. 
The genome affinity between A. barbata and A. fatua 
was 0.456 and between A. barbata and A. sterilis it was 
0.675. These figures are even more significant when it 
is recalled that the chromosomes of A. barbata can pair 
among themselves as can the chromosomes of the hexa- 
ploids. 

Emme (1982) reported that meiosis in the F; of the 
two pentaploid hybrids A. sativaX A. abyssinica and A. 
sativaX A. barbata showed 7 to 9 bivalents. Similarly 
Spier (1934) reported that meiosis in the F; of A. abys- 
sinicaX A. sterilis showed 5 to 11 bivalents with 28 to 18 
univalents per cell. Trivalents were sometimes found 
but not quadrivalents. These results agree with those of 
Nishiyama in indicating a very low homology between 
the genomes of the tetraploid and hexaploid species 
studied. 

The lack of homology between the genomes of the 
tetraploids and hexaploids was further demonstrated by 
Lesik (1948) who obtained synthetic amphidiploids of 
A. sativaX A. abyssinica using colchicine. These plants 
had 35 pairs of chromosomes and 100% fertility. Ex- 
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amination of meiosis showed 35 bivalents were usually 
formed, but sometimes 2-3 univalents were observed. 


Conclusions 


The evidence from cytology indicates that speciation 
on the diploid level in Avena has involved structural 
changes in the chromosomes, but these changes have not 
been extensive in the species so far investigated. Our 
ignorance of the genome constitution of many of the 
diploid species is complete. 

The evidence indicates that the tetraploid Avena spe- 
cies have two partially homologous genomes which are 
also homologous to the genomes of the diploid species 
investigated. Whether the tetraploids are auto- or allo- 
polyploids is not clear. Evidence on this point could 
readily be obtained by synthesizing tetraploids involving 
the various diploid combinations. The tetraploid species 
may have arisen independently or they may be derived 
from a common tetraploid ancestor. 

The origin of the hexaploid species is obscure. While 
it is probable that at least one diploid Avena genome is 
present in the hexaploids, it is certain that A. barbata 
and A. abyssinica played no part. The identity of the 
tetraploid which did contribute two genomes to the hex- 
aploids is a complete mystery. As with the tetraploids, 
the evidence from cytology does not indicate whether 
the hexaploids arose independently by allopolyploidy or 
whether the different species are derived from a common 
hexaploid ancestor or whether a combination of these 
processes has occurred. 


Part Ill. Tue EvipENcE FROM GENETICS 


Studies on the inheritance of taxonomic characters in 
the genus Avena have been largely restricted to the man- 
ner of attachment of the florets to the rachilla. The culti- 
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vated species of oats are distinguished from their supposed 
wild ancestors by the absence of floret-articulation. This 
distinction is not only important taxonomically, but eco- 
nomically, as it facilitates harvesting the grain, and bio- 
logically, as it deprives the cultivated species of self- 
propagating ability and makes them dependent upon 
man for continued existence. The modes of inheritance 
of the floret-attachment type of the cultivated oats afford 
valuable criteria for evaluating-the various theories on 
the origin of the cultivated species. 


Diploid and Tetraploid Species 


Jones (1940) made a study of the mode of inheritance of 
the floret-attachment types of diploid and tetraploid spe- 
cies. Four diploid crosses were made: A. Wiestii (wild) 
<A. strigosa brevis (cult.); A. Wiestii<X A. strigosa; A. 
hirtula (wild) XA. strigosa brevis and Cc1795 (wild) x A. 
strigosa brevis. In each cross all individuals of the F; had 
the florets articulated, while the F2 segregation indicated 
the lack of articulation of the cultivated species to be due 
to two pairs of recessive factors. The genotype of the 
wild species for these factors was given as XX YY and 
that of A. strigosa as xxyy. 

In the tetraploid cross 4. barbata (wild) x A. abyssin- 
ica (cult.) Jones found the F; to have all florets articu- 
lated, while the F2 segregation indicated the solid floret- 
attachment of 4. abyssinica to be due to four pairs of 
recessive factors. The genotype of A. barbata was given 
as XX XXYYYY and that of 4. abyssinica as xxxxyyyy. 
Emme (1984) reported that in the Fy of 4. abyssinicaX 
A. Vaviloviana the wild-type attachment of the latter 
dominated. The Fe segregation was not given. 

The sterile triploid F; of 4. barbataX A. strigosa had 
the wild-type articulation (Nishiyama, 1929) as did the 
triploid F) of 4.longiglumis X A .abyssinica (Jones, 1940). 
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Thus it appears that the cultivated diploid and tetra- 
ploid oats arose from their wild ancestors by recessive 
mutation. The geographic isolation of both species from 
the main populations of the wild diploid and tetraploid 
species has undoubtedly been an important factor in the 
evolution of these oats. 


Avena sativa 


The common cultivated oat is generally believed to 
have arisen from A. fatua, In addition to its lack of 
floret-articulation, the cultivated species is distinguished 
from its putative ancestor by lacking prominent hairs 
about the base of the lemma and by having greatly re- 
duced dorsal awns. The inheritance of these characters 
in crosses between the two species has been investigated 
by many workers (see Huskins, 1946) and the combina- 
tion of characters behaves genetically as if due to a single 
gene or gene complex. The F; is intermediate between 
the two parents in having a twisted geniculate awn only 
on the lower floret, while the pubescence and articulation- 
surface are much reduced compared to A. fatua. The 
F2 segregates in the ratio 1 sativa-like : 2 intermediate : 
1 fatwa-like for these characters. 

Considerable light has been shed on the nature of the 
genetic factor governing the distinction between these 
two species by the study of fatuoids or false wild oats. 
This problem has been extensively reviewed by Huskins 
(1946), so only the barest outlines will be presented here. 
Fatuoids are derivatives or ‘‘off types’’ of A. sativa which 
arise spontaneously in many varieties of the cultivated 
oats and resemble 4. fatwa in type of floret-articulation, 
grain-pubescence and awn-development, but resemble 
the variety from which they arose in all other characters. 
Huskins presents convincing evidence that fatuoids are 
caused by chromosome aberrations which give rise to 
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plants deficient for the factor expressing the cultivated- 
type grain characters. Sometimes the fatuoids lack the 
entire chromosome which carries this factor. It is evi- 
dent that 4. sativa has all the genetic factors necessary 
to produce the A. fatwa grain characters, but in addition 
it has a partially dominant inhibitor which suppresses the 
development of the fatwa grain characters and produces 
the cultivated-type grain. This inhibitor is designated 
the C-factor and the chromosome on which it is located 
is called the C-chromosome. 

The C-factor of 4. sativa has been found to be par- 
tially dominant in crosses with wild species other than 
A. fatua. Florell (1981) reported that in crosses of 4. 
sativa X A.sterilis the sativa-ty pe attachment of the lower 
floret (spikelet) was almost completely dominant over the 
wild type and due to asingle factor. Jones (1940) found 
the Fi of the crosses A. longiglumisX< A. sativa and A. 
sativa XA. barbata to have non-articulate florets. 

Theories accounting for the origin of A. sativa must 
agree with the genetic facts. Since the sativa grain type 
is due to a single factor pair, only one intermediate form 
is possible between the wild and cultivated grain types. 
This would be due to the heterozygous condition. An 
extensive series of intermediate forms from the wild spe- 
cies to A. sativa showing gradual reduction of the articu- 
lation-surface of the florets, reduction in pubescence, or 
reduction of awns has nothing to do with the origin of 
A. sativa. Far from solving the problem, such interme- 
diate forms raise the additional question of their own 
origin. Similarly the facts of genetics are at variance 
with the opinion of Coffman (1946) that an origin of 4. 
sativa from A. sterilis requires only loss mutations, while 
an A. fatua derivation requires additive mutations which 
are believed to be more difficult to obtain. The evidence 
indicates that both A. sterilis and A. fatua lack the C- 
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factor, and the derivation of 4. sativa from either would 
require an additive mutation. 


Avena sterilis 


The wild red oat is distinguished by having the lower 
floret of a spikelet articulated, while the upper florets are 
not. When the upper florets are separated by fracturing 
the rachilla, most of the rachilla segment remains attached 
to the floret above. This character was used by Cosson 
as the basis of his series Biformes. 

Like the C-factor of A. sativa, genetical studies have 
shown this Bzformes character to be due to a single domi- 
nant gene, here called the B-factor. 'Tschermak (1929) 
reported that in the F; hybrids of 4. fatuaX A. sterilis 
the B-factor was completely dominant and the segrega- 
tion of later generations showed it to be due to a unit 
factor difference. Similarly Florell (1931) reported that 
in various crosses of A. sterilis with A. fatua the B-factor 
was dominant in the F;, while the F2 segregated in the 
ratio of 3 sterilis-like : 1 fatua-like for this character. 

Florell also crossed A. sterilis with A. sativa and found 
the F; plants to have non-articulate lower florets (spike- 
lets) as in A. sativa, as well as non-articulate upper florets 
as in both parents. However, when the upper florets 
were separated by fracture, the rachilla segment remained 
with the floret above as in A. sterilis. The Fo’s segre- 
gated in the ratio of 1 sativa-like : 2 intermediate, like 
the F, : 1 sterilis-like, indicating linkage for the B- and 
C-factors. No cross-over plants were found. 

Nishiyama (1935) obtained further evidence on the 
nature of the B-factor by crossing A. sterilis with a het- 
erozygous fatuoid from A. sativa having only one C- 
chromosome. Plants were obtained in the F2 which had 
40 chromosomes, thus lacking the C-chromosome en- 
tirely. Such plants were fatuoids having the grain char- 
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acters of A. fatua. Thus it was demonstrated that the 
B-factor is carried on the C-chromosome. Whether or 
not the B-factor is an inhibitor of the A. fatua-type of 
upper floret-articulation is unknown, as fatuoids have not 
been observed in A. sterilis. 

A. sterilis has the distinction of being the only hexa- 
ploid species which has not been theoretically derived 
from some other hexaploid Avena species now living. If 
it arose independently by allopolyploidy, one can scarcely 
resist suggesting 4. Bruhnsiana, with its large spikelets 
and non-articulated upper florets, as the diploid ancestor. 


Avena byzantina 


The nature of the genetic mechanism controlling the 
grain characters of the cultivated red oat is by no means 
clear. Some forms of this species seem to have both the 
B- and C-factors on the same chromosome. This is true 
of cultivar Fulghum which Florell (1931) crossed with 
A. fatua. The F2 segregated in the ratio of 3 byzantina- 
like to 1 fatuwa-like for the grain characters. Among the 
478 plants of the F2 were 4 cross-over progeny resembling 
A. sterilis and 8 resembling A. sativa. Stanton et al. 
(1926) found fatuoids arising from Fulghum and Burt to 
resemble 4. fatua, indicating that the B- and C-factors 
were inhibiting the development of wild-type genes pos- 
sessed by those varieties. 

A. byzantina cultivar Coastblack, however, seems to 
have the B- and C-factors on the same chromosome, as 
well as an additional B-factor on another chromosome. 
In the cross Coastblack XA. fatwa Florell (1931) ob- 
tained an F2 ratio of 12 byzantina-like : 8 sterilis-like : 
1 fatua-like for the grain characters. 

Bond, which is said to belong to A. byzantina, has 
no C-factor at all, but has the B-factor, as is shown by 
the work of Hayes et al. (1989), Torrie (19389) and Ko 
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et al. (1946). The spikelets of Bond shatter readily. 

Coffman et al. (1925) made an extensive study of vari- 
ability in 4. byzantina cultivar Burt and found a most 
confusing array of forms. Some plants had the lower 
floret (spikelet) articulated while others did not. In some 
plants the rachilla segment when fractured remained with 
the floret above, in others it remained with the floret 
below, while in still others it fractured near the middle, 
parts remaining with both florets. 

Mal’tsev (1929) and Mordvinkina (1936) state that all 
the florets of A. byzantina are non-articulate, while the 
latter author is able to distinguish between the grains of 
A. sativaand A. byzantina by the angle of the fracture- 
surface of the lower florets. If his 4. byzantina has the 
C-factor, the difference between it and A. sativa might 
be due to the C-factor being superimposed on the differ- 
ent genetic backgrounds of the two species. The alterna- 
tive is that non-articulate florets in many varieties of 4. 
byzantina are due to other genetic factors than the C- 
factor. Clearly more information is needed before defi- 
nite conclusions can be drawn. 


Avena fatua 


The genetic evidence indicates that the factors govern- 
ing complete floret-articulation of the wild oats are in- 
hibited by the B- and C-factors. It is sometimes assumed 
that the articulation factors of A. fatua are located on a 
single chromosome which is called the B-chromosome. 
There is no evidence for this, it being probable that many 
factors on many chromosomes are responsible for the 
grain characters of A. fatua. 

It is generally believed that 4. fatua is the progenitor 
of A. sativa and, as stated earlier, their parallel variation 
and geographic distribution speak for a close relationship 
between the two. However, no one has observed any 
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strain of 4. fatua to mutate to A. sativa. Vavilov (1926) 
noted that no attempt to cultivate 4. fatua would in- 
duce it to lose its brittle manner of floret-attachment. 
Coffman (1946),stated that, despite the fact that 4. fatua 
is acommon weed of fields and fence rows in the western 
United States, there is no evidence of any cultivated 
form having arisen from it. 

On the other hand, both A. byzantina and A. sativa 
have given rise to fatuoids resembling 4A. fatwa, and 
Coffman (1946) stated that he was inclined to believe the 
origin of 4. fatwa paralleled that of the fatuoids. Ear- 
lier (1936) Stanton wrote: ‘“To one with imagination, the 
occurrence of fatuoids might be considered a provision 
of nature to return cultivated oats to wild forms, thus 
making them self-propagating in case, through some dis- 
aster, the cultivated forms were no longer in the hands 
of human beings.”’ 

If it is true that 4. fatwa arose from cultivated oats 
and if all cultivated oats arose from A. sterilis and if the 
cultivated oats are not self-propagating, then 4. byzan- 
tina, A. sativa and A. fatua, including a total of eleven 
subspecies, have evolved within the period of man’s agri- 
cultural activities. This would be exceedingly explosive 
evolution. 

Conclusions 

The evidence from genetics indicates that the lack of 
floret-articulation of the diploid and tetraploid cultivated 
oats is due to different genetic factors than the similar 
character of the hexaploid cultivated species. It may be 
concluded that different evolutionary forces have pro- 
duced similar results in the two subsections. Although it 
seems probable that recessive mutations and geographic 
isolation have produced the diploid and tetraploid culti- 
vated species, the mode of origin of the hexaploid cul- 
tivated oats is by no means clear. The final decision on 
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the origin of the hexaploid species will have to await the 
discovery of their tetraploid ancestor(s). 

Much work remains to be done in determining the 
genetic mechanism controlling taxonomic characters 
other than floret-attachment type. Such studies may 
provide critical information for evaluating Mal’tsev’s 
system of classification. Indeed, it is now known that 
the B-factor controls the distinction between A. sterilis 
sens. ampl. and A. fatwa sens. ampl. Species based on a 
single gene difference may not be too valid. 


Part LV. Oats anp Man 


Oats, the fourth most important cereal crop of man, 
has been profoundly affected by its association with man. 
Let us, therefore, turn our attention to this association 
in the hope of learning when, where and how it began and 
by what means it may have affected the evolution of 
oats. Archaeology, written history and the present agri- 
cultural practices of conservative peoples throw light on 
this aspect of the problem. 


Archaeology 


What are probably the oldest known oat grains were 
found in Egypt associated with remains belonging to the 
12th Dynasty (Tackholm et al., 1941). Similar grains 
have been found among Egyptian cereals of the 2nd and 
8rd century A.D. These Egyptian oats were originally 
identified as A. strigosa, but Tackholm et al. think they 
are A. fatua or A. sterilis. It would appear that they 
occurred as weeds, there being no evidence that oats 
were cultivated by the ancient Egyptians (De Candolle, 
1883; Ames, 1939). 

Archaeological evidence for the early presence of oats 
in northwestern Europe is abundant. Werth (1944) lists 
three sites in Switzerland, five in Germany and one in 
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Denmark in which A. sativa grains have been found for 
the period 2000-1000 B.C., and there is an unbroken 
series of finds for that species from 1000 B.C. to the 
present. 4. strigosa also occurred in Europe during the 
Bronze Age, as grains of that species from one site in 
Switzerland and one in adjacent France have been iden- 
tified by Mal’tsev (Jessen and Helbaek, 1944). 

Oats appear to have reached Britain somewhat later, 
with the earliest samples of 4. strigosa or A. brevis and 
A. sativa dated about 150 B.C. (Jessen and Helbaek, 
1944). Early remains of oats from England are always 
found mixed with larger samples of wheat and barley, 
suggesting the oats were weeds. Samples from Scotland, 
however, are almost exclusively oats. Oat culture in 
Britain seems to have increased following the Anglo- 
Saxon invasions and A. fatwa appears in grain samples 
from this period. 


Written Records 


The written history of oats begins with the Greeks and 
Romans. According to Stanton (1986), Theophrastus, 
Cato, Cicero, Ovid and Varro knew oats only as a weed 
which was sometimes used for medicinal purposes. Thus 
oats were not cultivated in the ancient world of those 
writers, and De Candolle (1883) reported that oat cul- 
ture was not introduced to Greece and Italy until the 
latter half of the Roman Empire. However, Columella 
and Pliny (Werth, 1944) indicate that the German bar- 
barians ate oatmeal, and De Candolle interpreted the re- 
marks of Pliny to indicate the Romans were not ac- 
quainted with its use. Also Galen wrote (according to 
De Candolle) that oats abounded in parts of Asia Minor 
where they were fed to horses, but were also eaten by 
men in times of distress. Other records for the early cul- 
ture of oatsin the Near East are wanting. Moldenke and 
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Moldenke (1952) have found no reference to cultivated 
oats in the Bible; there is no evidence that oats were 
grown in ancient Mesopotamia, nor are they grown in 
that region today. In China, however, De Candolle re- 
ported that naked oats are first mentioned in a history 
treating the years 618 to 907 A.D. 

Archaeology and history indicate that 4. strigosa and 
A. sativa were cultivated in northern Europe from 2000 
B.C. on. However, the evidence is very incomplete from 
the Near East where Vavilov placed the center of origin 
of hexaploid cultivated oats. The evidence does indicate 
that oats at first were weeds, especially of other cereals, 
and even today A. sativa ssp. macrantha is not cultivated 
as an independent crop. This brings us to another aspect 
of the problem. 


Oats as Weeds 


Vavilov (1926) reported collecting many samples of 
emmer wheat from the several scattered localities where 
that ancient crop is still grown. There were samples from 
the Basques of the Pyrenees, from Abyssinia, Bulgaria, 
Asia Minor, the Crimea, the Caucasus, Iran and parts 
of Russia. One hundred samples of emmer from these 
localities proved to have admixtures of some Avena spe- 
cies, many of them unique varieties. Vavilov came to 
speak of oats as the unfailing attendant of emmer and 
concluded the history of oats was intimately connected 
with that of emmer. He visualized emmer spreading over 
the Old World and carrying with it an assortment of 
oats as weeds. When they reached the harsher climates 
of the north, oats, being the hardier plant, supplanted 
emmer and became an independent crop. In this connec- 
tion Werth (1944) stated that emmer with its attendant 
oats was a widespread crop in northern Europe during 
the time of the Climatic Optimum. When the climate 
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began to deteriorate (from about 2000 B.C. on, according 
to Werth), the oats were better adapted to the changed 
conditions and supplanted the emmer. 

The existence of oats as weeds of other cereals un- 
doubtedly has had a profound influence upon the evolu- 
tion of the genus. In the first place any mutation in a 
wild weed-oat causing non-articulate florets would have 
a selective value, as those grains which did not fall would 
be harvested with the main crop and planted next year. 
Similar mutations arising in the wild would be lethal. 

Some species of the genus, with man as an agent of 
dispersal, have spread far from their native homes. No 
doubt A. strigosa and A. abyssinica achieved geographic 
isolation in this way, while A. sativa and A. fatua have 
encircled the globe. These species have achieved vastly 
larger populations than they would have otherwise, and 
the survival of new mutants under differing ecological 
conditions must have added greatly to the total varia- 
bility of the species. In addition, the dispersal of oats 
by man probably has brought together species which 
were once isolated geographically, thus facilitating hy- 
bridization. At present we can but dimly see how this 
process has added to the variability of A. sterilis and A. 
Jatua, but perhaps it explains why A. sterilis ssp. Lu- 
doviciana resembles A. fatua, within whose range it lies, 
while A. fatua ssp. meridionalis which lies within the 
range of A. sterilis has the largest spikelets of the fatua 
group. 

Modern Oats 

It is fitting to end this review with a tribute to the 
many oat breeders who, during the past half century, 
have dedicated themselves to the never-ending battle 
against parasitic fungi. It has been found that the pri- 
mary sources of disease resistance in oats are 4. byzantina 
and A. sterilis (Coffman, 1946), and oat-breeding projects 
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have been largely concerned with transferring this resist- 
ance to varieties of 4. sativa. Stanton (1947) gave a 
graphic account of a portion of this work by tracing the 
history of a single seed which resulted from an JA. byzan- 
tinaX A. sativa cross made in 1980. The descendants of 
this seed proved superior to the oats then grown and it 
is estimated that in 1946 they accounted for two-thirds 
of the oat acreage in the United States. As pointed out 
by Coffman, cultivated oats will come to contain more 
and more genes of 4. byzantina with the advance of oat- 
breeding projects. The days of pure A. sativa appear to 
be numbered and we can well imagine that a phylogenist 
of the future will be able to assemble an extensive series 
of intermediate forms which, if their true origin were 
ignored, would suggest A. sativa originated from the 
red oats. 
CoNCLUSION 


Searcely any definite conclusions, other than broad 
generalizations, can be drawn as to the origin of oats. 
Objections raise themselves to every theory. However, 
the broad outlines of oat evolution are becoming evident, 
and, with the accumulation of more information, a much 
more satisfactory picture will develop. A measure of the 
progress to date can be gained by comparing the evi- 
dence reviewed here with notions held during the eight- 
eenth century when, according to De Candolle, the pre- 
vailing opinion was that oats originated in the South 
Pacific on the Isles of Juan Fernandez. 


[ 299 ] 


LITERATURE CITED 


Aase, H.C. and L. Powers, 1926. Chromosome numbers in crop 
plants. Amer. Jour. Bot. 13: 367-372. 


Ames, O., 1939. Economic Annuals and Human Cultures. Harvard 
Bot. Mus. Pub. 


Battandier, I.A. and L. Trabut, 1904. Flore analytique et synoptique 
de |’ Algérie et de la Tunisie, Algeria. 


Clapham, A. R., T. G. Tutin and E. F. Warburg, 1952. Flora of the 
British Isles, Cambridge Univ. Press. 


Coffman, F. A., 1946. Origin of cultivated oats. Jour. Amer. Soc. 
Agron. 38: 983-1002. 


, J. H. Parker and K. S. Quisenberry, 1925. A study of varia- 
bility in the Burt oat. Jour. Agr. Res. 30: 1-64. 


Cosson, M. E., 1854. Classification des espéces du genre Avena du 
groupe de 1’ Avena sativa (Avena, sect. Avenatypus), et considérations 
sur la composition et la structure de 1]’épillet dans la famille des 
Graminées. Bull. Soc. Bot. France 1: 11-17. 


De Candolle, A., 1883. Origine des Plantes Cultivées, Paris. 
De Halacsy, E., 1904. Conspectus Florae Graecae, Lipsiae. 


Dorsey, E., 1925. Cytological studies of the maturation divisions in 
cereal hybrids. Cornell Univ. Ph.D. Thesis. Reported by Gaiser, 
L. O., Genetica 8: 470. 


Ellison, W., 1938. The occurrence of quadrivalents in certain diploid 
and tetraploid Avena hybrids. Jour. Genetics 36: 515-522. 


, 1940. The cytology of certain diploid, triploid and tetraploid 
Avena hybrids. Genetica 22: 409-418. 


Emme, H. 1930. Uber Chromosomen von Hafer und Haferbastarden. 
Zichter 2: 65-68. 


, 19382. Cytology of pentaploid oat hybrids (In Russ.; Germ. 
summ.) Bull. Appl. Bot., Genet. and Plant-Breed., Ser. II, 1: 
169-176. 


, 1934, Vererbung von Anheftungstypen der Bliiten und einiger 
anderer Merkmale beim Hafer. Ziichter 6: 108-113, 137-140. 


[ 300 ] 


Florell, V. H., 1931. Inheritance of type of floret separation and 


other characters in interspecific crosses in oats. Jour. Agr. Res. 43: 
365-386. 


Haussknecht, C., 1894. Kritische Bemerkungen iiber einige Avena- 
Arten. Mitt. Thir. Bot. Ver. 6: 37-45. 


Hayes, H. K., M. B. Moore and E. C. Stakman, 1939. Studies of in- 
heritance in crosses between Bond, Avena byzantina, and varieties 
of A. sativa. Minn. Agr. Exper. Sta. Tech. Bull. 137. 


Hitchcock, A.S., 1950. Manual of the Grasses of the United States. 
2nd ed., revised by A. Chase. U.S.D.A. Misc. Pub. No. 200. 


Huskins, C. L., 1927. On the genetics and cytology of fatuoids or 
false wild oats. Jour. Gen. 18: 315-364. 


——., 1946. Fatuoid, speltoid and related mutations of oats and 
wheat. Bot. Rev. 12: 457-514. 


Jessen, K. and H. Helbaek, 1944. Cereals in Great Britain and Ire- 
land in Prehistoric and Early Historic Time. Det. Kongel. Danske 
Videnskab. Selskab. Biol. Skrift. 3(2): 1-68. 


Jones, E. T., 1940. A comparison of the segregation of wild versus 
normal or cultivated base in the grain of diploid, tetraploid and 
hexaploid species of oats. Genetica 22: 419-434. 


Joshi, A. B., 1951. Cytogenetics of hexaploid oats, with reference to 
the occurrence of off-types in new varieties, and the origin of Avena 
sativa L. Cambridge Univ. Abs. Diss. 1949-50, 22-23. 


Kihara, H., 1919. Ueber cytologische Studien bei einigen Getreidear- 
ten II. Chromosomenzahlen und Verwandtschaftsverhaltnisse 
unter Avena-Arten. Bot. Mag. Tokyo 33: 94-97. 


—-, and I. Nishiyama, 1932. The genetics and cytology of certain 
cereals III. Different compatibility in reciprocal cresses of Avena, 
with reference to tetraploid hybrids between hexaploid and diploid 
species. Japan. Jour. Bot. 6: 245-305. 


Ko, S. Y., J. H. Torrie and J. G. Dickson, 1946. Inheritance of re- 
action to crown rust and stem rust and other characters in crosses 
between Bond, Avena byzantina, and varieties ef A. sativa. Phyto- 
pathology 36: 226-235. 

Lesik, F. L., 1948. Experimental synthesis of oat amphidiploids (In 
Russian). Dok. Akad. Nauk SSSR 60: 299-300. 


Mal’tsev, A. J., 1929. A new classification of Avena section Euavena 
(In Russ., Latin; Germ. summ.). Bull. Appl. Bot., Genet. and 
Plant-Breed. 20: 127-154. 


[ 301 ] 


Moldenke, H.N. and A. L. Moldenke, 1951. Plants of the Bible. 
Chron. Bot., N.S. Pl. Sci. 28: 1-328. 


Mordvinkina, L. A., 1936. Avena (Tourn.) L. Flora of Cultivated 
Plants (In Russian). II: 333-436, Moscow. 


Nikolaewa, A., 1922. Zur Kenntnis der Chromosomenzah] in der 
Gattung Avena. Abst. in Zeitschr. f. Induk. Abstamm. u. Verer- 
bung. 29: 209-210. 


Nishiyama, I., 1929. The genetics and cytology of certain cereals. 
I. Morphological and cytological studies on triploid, pentaploid 
and hexaploid Avena hybrids. Japan. Jour. Gen. 5: 1-48. 


—, 1933. Ibid. V. On the occurrence of an unexpected diploid in 


’ 


the progeny of pentaploid Avena hybrids. Cytologia 5: 146-148. 


, 1935. Ibid. VII. Genetical significance of the C-chromosome 
in hexaploid Avena species. Japan. Jour. Bot. 7: 453-469. 


, 1936. Cytological studies in Avena I. Chromosome association 
in hybrids between A. barbata Pott and autotetraploids of A. strigosa 
Schreb. Cytologia 7: 276-281. 


Philp, J., 1933. The genetics and cytology of some interspecific hy- 
brids of Avena. Jour. Genetics 27: 133-179. 


Post, G. E., 1933. Flora of Syria, Palestine and Sinai. Vol. II. Ed. 
2. American Press, Beirut. 


Schiemann, E., 1932. Entstehung der Kulturpflanzen. Handbuch der 
Vererbungswissenschaft 3: 1-377. 


Spier, J. D., 1934. Chiasma frequency in species and species hybrids 
of Avena. Can. Jour. Res. 11: 347-361. 


Stanton, T. R., 1936. Superior germ plasm in oats. U.S.D.A. Year- 
book, 347-414. 


——., 1947. Disease-resistant oats. U.S.D.A. Yearbook, 395-402. 


, 1953. Production, harvesting, processing, utilization and eco- 
nomic importance of oats. Econ. Bot. 7: 43-64. 


, F. A. Coffman and G. A. Wiebe, 1926. Fatuoid or false wild 
forms in Fulghum and other oat varieties. Jour. Hered. 17: 152- 
165, 212-226. 


, and E. Dorsey, 1927. Morphological and cytological studies of 
an oat from Ethiopia. Jour. Amer. Soc. Agron. 19: 804-818. 


Tackholm, V., G. Tackholm and M. Drar, 1941, Flora of Egypt, Vol. 
1, Bull. Fae. Sci. Fouad I. Univ., No. 17, Cairo. 


[ 802 ] 


Thellung, A., 1911. Uber die Abstammung, den systematischen Wert 
und die Kulturgeschichte der Saathafer-Arten (Avenae sativae Cos- 
son) Viertelj. der Natur. Ges. 56: 293-350. 


, 1928. Die Ubergangsformen vom Wildhafertypus (Avenae 


agrestes) zam Saathaferty pus (Avenae sativae). Rec. Trav. Bot. Néerl. 
25A: 416-444, 


Torrie, J. H., 1939. Correlated inheritance in oats of reaction to 
smuts, crown rust, stem rust and other characters. Jour. Agr. Res. 
59: 783-803, 1939. 


Trabut, L., 1914. Origin of cultivated oats. Jour. Hered. 5: 74-85. 


Tschermak, E., 1929. Kultur- und Wildhaferbastarde und ihre Be- 
ziehungen zu den sogenannten Fatuoiden. Zeitschr. f. Induk. Ab- 
stamm. u. Vererbung. 51: 450-481. 


Vavilov, N.I., 1926. Studies on the origin of cultivated plants. Bull. 
Appl. Bot., Genet. and Plant-Breed. 16(2): 1-248. 


, 1951. The origin, variation, immunity and breeding of culti- 
vated plants. Chron. Bot. 13: 1-364. 


Werth, E., 1944. Der Hafer, eine urnordische Getreideart. Zeitschr. 
Pflanzenziicht 26: 92-102. 


Willkomm, M. and J. Lange, 1870. Prodromus Florae Hispanicae, 
Vol. 1, Stuttgart. 


Winge, O., 1925. Contributions to the knowledge of chromosome 
numbers in plants. La Cellule 35: 305-324. 


[ 803 ] 


INDEX OF ILLUSTRATIONS 


PLATE 
Anthurium atropurpureum Schultes & Maguire XXII 


Anthurium fontoides R.E.Schultes ...... IX 


Anthurium nemoricola Schultes & Maguire . . XXII 


Anthurium pluviaticum R.E.Schultes .... . IX 
Anthurium tikunorum R.E.Schultes. .. .. . 2X 
Carludovica aurantiaca R. EH. Schultes . . . VII, VIII 
Clusia chiribiquetensis Maguire . .... XXXIII 
Clusia Schultesii Maguire ........XXXIV 
Combretum Wandurraganum R.E.Schultes. . XIV 
Cuphea beneradicata Lourteg. . . ... XXXVII 
Cuphea kubeorum Lourteig ....... XXXV 
Cuphea philombria Lourteig .......XXXVI 
.Cuphea stygialis Lourteig ....... XXXVIT 
Cuphea sucumbiensis Lourteig .... . . XXXVI 
Cuphea sunubana Lourteig . . ...... XXXV 
Frederick Oliver Thompson. ....... . XXI 
Herrania breviligulata R..Schultes . . . . . . XII 


[ vii ] 


Herrania pulcherrima Goudot. . . . . .. XXXI 


Herrania purpurea (Pitt.) R.E.Schultes . . . XIIT 
Herrania tomentella R.H.Schultes . . . . . XXXII 
Hevea microphylla‘Ule ~~ ©... = ee 


Hevea rigidifolia (Spruce ex Benth.) Muell.-Arg. IV 


Mendoncia lasiophyta Leonard ........ XV 
Navia Garcia-Barrigae L.B.Smith . ..... XXV 
Navia heliophila L.B.Smith. . . . XXVI, XXVII 
Navia Lopezii L.B.Smith ....... .XXVIII 
Navia myriantha L.B.Smith ...... .XXVIII 
Navia reflexa D.B.Smith 2. 2... ee 
Nicotiana rustica Li.) 0... ee 
Paepalanthus fasciculatus (Rottb.) Kérn. . . . . XI 


Paepalanthus Moldenkeanus R. EL. Schultes 
XXIII, XXIV 


Pitcairnia macarenensis L.B.Smith . .... XXV 
Pleurothallis angustipetala C. Schweinf... ....V 
Pleurothallis excisa C. Schweinf. 4, oi. distin eae 
Rhytidanthera regalis R.H.Schultes . ... XVIII 
Sanchezia thinophila Leonard. . ...... XVI 
Saurauia Comitis-Rossei R.H.Schultes . . . . XIX 


[ viii ] 


BeemoninnitidavMaric ~ uch here b ara Soo II 


Siphonia nitida Mart., manuscript description. . . I 


Solanum quitoense Lam. var. septentrionale 


R.E.Schultes & J.Cuatrecasas ...... XVII 
Tetrapteris methystica R.E.Schultes. . .. . XXX 
Thurnia sphaerocephala (Rudge) Hook.f. . . . XXIV 
Vellozia lithophylla R.H.Schultes .. . ...XXIV 
Vellozia Maudeana R. H. Schultes . . XXIX, XXX 


Virola calophylla Warburg . . XX XIX, XLI, XLII 


Virola calophylloidea Markgraf ....... XL 
Zea Mays L. pollen grains ...... .XXXVIII 
Zea Mays L. sub-tasselears . . . . XLIII, XLIV 


[ ix ] 


INDEX 
TO GENERA AND SPECIES 


AA 
chiogena Schltr., 2 
Weberbaueri Schltr., 2 


ABUTA, 257 
rufescens Aublet, 67 


ACACIA 
angico, 257 
Niopo, 252 
acahualli, 134 
ACANTHACEAE, 57,92 
achiote, 124 
achiotl, 124 


ACHRAS, 120 
Zapota L., 138 


acocotli, 132 
acocoxdchitl, 132 


AGAVE, 120,121 
atrovirens Karw., 120,153 
fourcroydes Lem., 121,153 
latissima Jacobi, 120,153 
mapisaga T'rel., 120,153 
sisalana Perrine, 121,153 
tequilana Weber, 120 


aguacate, 141 
ahate, 124 
ahudcatl, 141 
ahuehuete, 148 
ahuéhuetl, 148 
alegria, 121 
algodén, 132 


ALTENSTEINIA 
chiogena (Schlir.) C. Schweinf. 
2 
Weberbaueri (Schltr. ) 
C. Schweinf., 2 
AMARANTHUS, 158 
cruentus L., 121,154 
dubius Mart., 122 
hybridus L., 121 
leucocarpus S. Wats., 121,158 
Powellii S. Wats., 121 
ANACARDIUM 
occidentale L., 122 
ANANAS, 156 
comosus (L.) Merr., 122,154 
anil, 135 
ANNONA, 122,123 
Cherimolia Mill. ,123,154,156 
diversifolia Safford, 123,153 
glabra L., 123 
muricata L., 123 
purpurea Moc. & Sessé, 123, 
153 
reticulata L., 124 
sect. Atta, 124 
squamosa L., 124 
anona, 124 


ANTHURIUM 
atropurpureum Schultes & 
Maguire ex Schultes, 60, 
179,180 
var. apertum Schultes, 180 
cabrerense Engl., 183 


[x ] 


chlorocarpum Sodero, 63 

crassinervium (Jacq.) Schott., 
181 

fontoides R. E.Schultes, 60,61 

gracile (Rudge) Engl., 61,181 

Idroboanum R. E.Schultes, 
181,182 

macarenense R.E.Schultes & 
Idrobo, 183 

macrocephalum R. E.Schultes, 
184 

magnificum Linden, 182 

nemoricola Schultes §& Maguire 
ex Schultes, 61,62,64,185 

oblongo-cordatum Engl., 185 

panduratum Mart. ex Schott., 
185 

pangoanum Sod., 184 

pentaphyllum (Aubl. ) G. Don, 
186 

pluviaticum R. E.Schultes, 62, 
63 

popayanense Engl., 186 

reticulatum Benth., 186 

scolopendrium (Ham.) Kunth, 
186 

§ Cardiolonchium Engl., 182 

§ Digitinervium Engl., 184 

tikunorum R. E.Schultes, 63, 
64 


apazote, 128 
APOCYNACEAE, 89,228 
ARACEAE, 60,179 
ARACHIS, 156 


hypogaea L., 124,154 


aratacit, 71 


ARCTINURUS 


thompsoni Miller 5 Unklesbay, 
175,178 


ARRABIDAEA 
Fanshawei Sandwith, 91 
xanthophylla Burret & K. 
Schum., 91 
arrayan, 145 
AVENA, 265,267,270,281, 
287,292,297 
abyssinica Hochst., 270,273, 
27 4,279,280, 282,283, 285- 
288,298 
barbata Pott, 270,272-274, 
280-288 
brevis Roth, 266,267,272,296 
Bruhnsiana Grun., 269,271, 
280,292 
byzantina C.Koch, 270,273, 
275,276,279, 280,283, 284, 
292-294, 298,299 
ssp. byzantina, 276 
prol.denudata (Hausskn.) 
Malz., 276 
ssp. nodipubescens Malz., 
276 
ssp. pseudo-sativa Thell., 
276 
clauda Dur. ,266,268-271,280 
eriantha Hack., 266 
fatua L., 266-268,270,275- 
280, 283-286, 289,295,298 
ssp. cultiformis Malz., 268, 
2M (eats 
ssp. fatua, 267,268,277, 
278 
ssp. macrantha, 268 
ssp. meridionalis Mals., 
268,277,278,298 
ssp. nodipilosa, 268 
ssp. nuda, 267 
ssp. praegravis, 268 
ssp. sativa, 267,268 
ssp. septentrionalis Mals., 
268,277,278 


[ xi ] 


hirsuta Moench., 266 
hirtula Lag., 269,272,273, 
280,282,288 
longiglumis Dur., 266,268- 
271,280,285, 286,288,290 
nuda L., 266,273 
var. biaristata Asch. & Gr., 
aed 
nudibrevis Vav., 272 
orientalis Schreb., 266,267, 
279 
pilosa M. Bieb., 268-271,280 
sativa L., 266,270,273,278- 
280,283-286, 289-299 
ssp. macrantha (Hack.) 
Malz., 278 
prol. nudata Malz., 278 
ssp. nodipilosa Malz., 278 
prol. decorticata Malsz., 
278 
ssp. praegravis (Krause) 
Malz., 278 
prol. grandiuscula Mals., 
279 
ssp. sativa, 278 
prol. chinensis (Fisch. ) 
Mals., 278 
var. abyssinica Engl., 274 
sect. Avenastrum, 266,267 
sect. Euavena, 266 
ser. Biformes, 266,267,278, 
291 
ser. Conformes, 266,267,278 
ser. Eubarbatae, 268,269, 
282 
ser. Inaequaliglumes, 268, 
269 
ser. Stipitatae, 268,269 
sterilis L., 266,268,270,274- 
280,283,284,286, 290-292, 
294,295,298 


[iat] 


ssp. byzantina, 267,268 
ssp. Ludoviciana (Dur.) G. 
& M., 268,275,276,298 
ssp. macrocarpa (Moench) 
Briq., 267,268,275 
ssp. nodipubescens, 268 
ssp. pseudo-saliva, 268 
ssp. sterilis, 275,276 
ssp. trichophylla (C. Koch) 
Malsz., 268,275,276 
strigosa Schreb., 266,268,269, 
27 1-273,279,280, 282,284, 
285,295-298 
ssp. abyssinica (Hochst. ) 
Thell., 267,268,274 
ssp. barbata (Pott) Thell., 
267,268,274 
ssp. hirtula (Lag.) Malz., 
268,272,288 
ssp. strigosa (Schreb. ) 
Thell., 267,268,272 
prol. brevis (Roth) 
Hausskn., 272,288 
prol. nuda (L.) Hausskn. 
22 
ssp. Vaviloviana Malz., 268, 
273,274 
ssp. Wiestii (Steud.) Thell., 
267 ,268,273,274 
var. pseudoabyssinica 
Thell., 273 
subsect. Agrestes, 266 
subsect. Aristulatae, 267-270 
subsect. Denticulatae, 267- 
270 
subsect. Sativae, 266 
Vaviloviana (Malz.) Mordv., 
270,273,279, 280,288 
ventricosa Bal., 266,268, 
269,271,280 
ssp. Bruhnsiana, 268 


ssp. ventricosa, 268 
Wiestii Steud., 270,272,273, 
280-282,288 
azi, 136 


azxin, 136,147 
ayecote, 142 
ayécotl, 143 
ayotli, 130 
BANISTERIOPSIS 
Caapi (Spruce ex Griseb.) 
Morton, 204 
spp., 248 
batata, 135 
Bianontaceag, 91 


BIXA 
Orellana L., 124,154 
bledos, 121 
BLETIA 
? ensiformis Ruiz & Pavon, 11 


BOMAREA 

edulis (Tuss.) Herb., 125 
Bompacaceak, 75 
BOMBAX 

coriaceum Mart. & Zucc., 75, 


188,201 
sordidum R. E.Schultes, 75 


boscacao, 79 


BROCCHINIA 
hechtioides Mez, 193 


BROMELIA, 121,122 


BroMELIACEAB, 179,192 


BROSIMUM 
Alicastrum Swartz, 125,153 


BUCHTIENIA 
boliviensis Schlir., 2 


bul, 142,143 
bule, 136 


BYRSONIMA 
crassifolia (L.) DC., 125,153 
caapi, 204,248 
cacahuate, 124 
cacaito, 207 
cacao, 148 
cacao de monte, 213 
cacao cahouai, 211 
cacao esquinado, 213 
cacaoballi, 71 
cacaoito, 213 
cacaoito de monte, 217 
cacomite, 149 
cacémitl, 149 
calabaza, 130 
CALLIANDRA 
sp., 201 
CALOCARPUM 
mammosum (L.) Pierre, 125, 
153 
viride Pitt., 126,153 
camote, 135 
camotli, 135 
CAMPYLOCENTRUM 
Ulaei Cogn., 20 
var. peruvianum C. Schweinf. , 
19 
CANAVALIA, 131 
ensiformis (L.) DC., 126,154 


CAPSICUM, 158 
annuum L,, 126,154 
frutescens L., 126,127,154 
pubescens R. & P., 127 

capulin, 145 

CARICA 


cauliflora Jacg., 127 
Papaya L., 127,153 
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CARLUDOVICA 
aurantiaca R. E.Schultes, 58, 
96 
pygmaea Gleason, 59 
CASIMIROA 
edulis LaLlave & Lex., 128, 
153 
Sapota Oerst, 128,154 
CASSIA 
fastuosa Willd., 257 
CEDRELINGA 
catenaeformis Ducke, 257 
cempoalxdchitl, 147 
centli, 150 
CEPHALOCARPUS 
Dracaenula Nees, 58 
cereza, 145 
CHAMAEDOREA, 128 
Tepejilote Liebm., 128,153 
Wendlandiana (Oerst.) Hemsl. 
128,153 
chan, 134 
chay, 129 
chaya, 129 
chayote, 146 
chayotli, 146 
CHENOPODIUM, 155,158 
ambrosioides L., 129 
Berlandieri Mog., 129 


Nuttalliae Safford, 128,154, 
156 


Ppueblense Reed, 128 
Quinoa Willd., 128,129 


chia, 134,146 

chia de Colima, 134 
chia grande, 134 
chiantzozolli, 146 


chicozapote, 138 


chimaldcatl, 134 

chimdlatl, 134 

chinini, 141 

chipilin, 130 

chirimoya, 123 

CHONDODENDRON 
toxicoferum ( Wedd.) Krukoff 

& Moldenke, 67 

cimatl, 143 

ciruela, 147 

ciruela amarilla, 147 

CITHAREXYLUM 
Ulei Moldenke, 90 


CLUSIA 
chiribiquetensis Maguire ex 
Schultes, 219 
Schultesii Maguire ex Schultes, 
219 
spp., 259 
CNIDOSCULUS, 136 
aconitifolia (Mill.) I. M. 
Johnst., 129 
Chaya Lundell, 129 
Chayamansa McVaugh, 129, 
153 
coca, 68,248 
cochitzdpotl, 128 
coco, 129 
COCOS, 158 
nucifera L., 129 
ComBRETACEAER, 87 
COMBRETUM 
laxum Jacq., 87 
rotundifolium L.C. Richard,88 
Wandurraganum, R. EF. 
Schultes, 88 


CompositTar, 95 


[ xiv ] 


COPAIFERA 
officinalis L., 259 
copal, 144 
costiczdpotl, 144 
COUMA 
catingae Ducke, 228 
utilis (Mart. ) Muell.-Arg., 89 
coyo, 141 
coyolxdchitl, 125 
cozticxécotl, 14:7 
CRATAEGUS 
mexicana Moc. & Sessé, 130 
pubescens (H BK.) Steud., 
130,153 
slipulosa (HBK.) Steud., 130 
CRESCENTIA 
alata HBK., 130 
Cujete L., 130,153 
CROTALARIA 
longirostrata Hook. § Arn., 
130,154 
cuajilote, 141 
cuauhgonth, 128 
cuchara-caspi, 90 
CUCURBITA, 118,130,158 
ficifolia Bouché, 131,154 
maxima, 131 
mixta Pang., 131,153 
moschata Duch., 131,153 
Pepo L., 131,153 
texana Gray, 131 
CUPHEA, 179 
annulata Koehne, 227 


beneradicata Lourteig, 221, 
226 


ciliata Ruiz & Pav., 220 
fuscinervis Koehne, 220 
kubeorum Lourteig, 221 
microphylla HBK., 220 


philombria Lourteig, 221,223, 
224 


sect. Brachyandra 
subsect. Melanium, 220 


sect. Euandra 
subsect. Hyssopocuphea, 
220,221 
stygialis Lourteig, 221-223 
sucumbiensis Lourteig, 221, 
225,226 
sunubana Lourteig, 219 
CycLanTuacnag, 58 


CYMBIDIUM 
muricatum Sw., 18 
CYNOMETRA 
Zamorana R.E.Schultes, 68 
CypERACEAE, 58 
da-ko-ree, 202 
DAHLIA 
coccinea Cav., 132,153 
excelsa Benth., 132 
Lehmannii Hieron, 132,154 
Maxonii Saff., 132 
pinnata Cav., 132,153 
rosea Cav., 132 
variabilis Desf., 132 


DATURA 
arborea L,, 91 
suaveolens Humb. & Bonpl., 
91 


DICHAEA 


maculata Poepp. & Endl., 17, 
18 


muricata (Sw.) Lindl., 17,18 
var. maculata (Poepp. & 


Endl.) C. Schweinf., 17, 
18 


panamensis Lindl., 18 


DICHAEOPSIS 
panamensis Schltr., 18 
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DILLenIAcEAE, 81 


DIOSPYROS 
Ebenaster Retz, 132,153 
EPIDENDRUM 
aquaticoides C.Schweinf., 
var. pusillum C.Schweinf., 
12,13 
cyperifolium C.Schweinf., 10 
gracillimum Reichb.f., 15 
inamoenum Krdanezl. 
var. robustum C.Schweinf., 
11 
longirepens (C. Schweinf. ) 
C.Schweinf., 12 
microtos Reichb.f. 
var. grandiflorum C, 
Schweinf., 10 
pachychilum Krdngzl., 12,13 
refractoides C. Schweinf. 
var. humile C. Schweinf. , 13 
Schlechterianum Ames 
var. longirepens C. 
Schweinf., 12 
Schlimii Lindl., 14 
Schlimii Reichb,f., 14,15 
var. gracillimum (Reichb f. 
& Warscs.) C.Schweinf., 
LS 
serricardium Schltr., 16,17 
subreniforme C. Schweinf. 
var. ramosum C.Schweinf., 
Hes: 
tenellum Lindl., 14 
vincentinum Lindl., 16,17 


EPITHECIA 
panamensis Schltr., 18 


Errocautacrak, 57,65,187,188 


ERYTHROXYLUM 
Coca L., 248 


estrellitas del sur, 191 


EUCHLAENA, 230,262 
mexicana, 150,262 


EupuorBIAcEAk, 22,69,205 


flor de los muertos, 147 


FOURCROYA, 121 
frijol, 142,143 
girasol, 134 
GODOYA, 109 


GOMPHICHIS 
Koehleri Schltr. 
var. minor C.Schweinf., 1 


GONGYLOLEPIS 


maroana Badillo, 95 
GOSSYPIUM, 138,158 
arboreum L., 133 
barbadense L., 133 
hirsutum L., 132,133,154 
Raimondii Ulbrich, 133 
GRAMINEAR, 57 
guacamote, 137 
guandbana, 123 
guayaba, 145 
guayabilla, 145 
GUAZUMA, 206 
giiisquil, 146 
GUTTIFERAE, 219 
had-oom-tee-et, 248 
haatie, 36 
hakudifha, 245 
HELIANTHUS, 158 
annuus L., 134,153 
var. lenticularis (Dougl.) 
Ckll., 134 
var. macrocarpus (DC.) 
Ckll., 134 


HELICTERES, 206 
HELICTOTRICHON, 266,270 


eave 


henequén, 120 
HERRANIA, 76,205 
albiflora Goudot, 75-77,207 
aE 
atrorubens Huber, 80 
breviligulata R. E.Schultes, 
78,207 
Camargoana R. E.Schultes, 
207-209 
Cuatrecasana, 218 
kanukuensis R. E. Schultes, 78, 
79,207 
laciniifolia Goudot ex Triana 
& Planch., 79,80,209 
lemniscata (Schomb.) R.E. 
Schultes, 79,207 
nitida (Poepp.) R. E. Schultes, 
~ 80,81,210,218 
var. aspera (Karsten & 
Triana) R.E.Schultes, 
213 
nycterodendron R. E. 
Schultes, 209,210 
pulcherrima Goudot, 81,211- 
213,218,219 


purpurea ( Pitt.) R. E.Schultes, 
81 


tomentella R. EL. Schultes, 205, 
206,213,217-219 


HEVEA, 21-23,29,34 


andenensis C.F .Jones, 30 

andinensis Sperber, 30 

apiculata Baill., 27 

Benthamiana Muell.-Arg., 
25,39-41 

brasiliensis (Willd. ex A. Juss.) 
Muell.-Arg., 26-28,33,34, 
39-41,90 

confusa Hemsl., 35,37 

discolor (Benth. ) Muell.-Arg., 
23 


guianensis T'ubl., 27-30,33, 
34,43 


var. lutea (Spruce ex Benth.) 
Ducke 8 Schultes, 27-30, 
40 


lutea (Spruce ex Benth.) 
Muell.-Arg., 27 
microphylla Ule, 38,40,41 
nitida Mart. ex Muell.-Arg., 
30-32,41,42 
var. toxicodendroides, 188 
pauciflora (Spruce ex Benth.) 
Muell.-Arg., 25,32-34,36, 
37,42 
var. coriacea Ducke, 34-36 
rigidifolia (Spruce ex Benth. ) 
Muell.-Arg., 25,35,43,44 
Spruceana (Benth. ) Muell.- 
Arg., 23-25,36,37 
subgen. Bisiphonia, 23 
subgen. Euhevea, 23,28 
viridis Huber, 32,41 
hé-go-ne, 65 
huauhtli, 121 
huauhtzontli, 128 
HYLOCEREUS 
undatus (Haw.) Brit. & Rose, 
134,153 


HYMENAEA 
oblongifolia Huber, 68 


HYPTIS 
suaveolens Poit., 134,153 


hwan-hwan, 228 
iczotli, 150 

igarapé-assu, 71 
INDIGOFERA 


Anil L., 135 
suffruticosa Mill., 135,153 


INGA 
sp., 253 
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injerto, 126 

IPOMOEA, 155,158 
Batatas (L.) Poir., 135,154 
fastigiata (Roxb.) Sweet, 135 
tiliacea (Willd.) Choisy, 135 

iscatl, 132 

izote, 150 

iztacsadpotl, 128 

jalocote, 145 


JATROPHA, 136,147 
aconitifolia Mill., 129 
Cureas L., 136,153 


jicama, 140 
jicara, 130 
Jiquelite, 135 
Jjitomate, 137 
Jjobo, 147 
Jocote, 147 
JuNcACEAR, 189 
jutai, 68 
ka-pet-o0-he, 69 
kah-pe-ree, 92 
ku-a-vd-u, 91 
kurata, 245 
LAGENARIA, 130,158 
siceraria (Mol.) Standl., 136, 
154 
vulgaris Ser., 136 
Lecuminosak, 68,257,258 
LEITGEBIA, 86 
colombiana R.E.Schultes, 85- 
87,188,201 
Gleasoniana Lasser, 86 
guianensis Eichler, 86 
Imthurniana Oliver, 86 
LEMAIREOCEREUS, 136,140 
LEPANTHES 


Leonii C.Schweinf., 9 
tracheia Reichbf., 8 
trachysepala Schltr., 8 


LEPANTHOPSIS 
microlepanthes (Griseb. ) Ames 
9,10 


LIGHTIA 


lemniscata Schomb., 79 
LoRANTHACEAR, 202 


LUCUMA, 136 
salicifolia HBK., 144 


lulo, 97,98,100 
lulo de perro, 101 
lulo morado, 100 


LYCOPERSICON, 156,158 
esculentum Mill., 137,154 
var. cerasiforme (Dun.) A. 
Gray, 137 
LyTHRACEAER, 219 


MACROSTACHYA 
Thompsonii Darrah, 178 


ma-sha-kve, 99 
maguey, 120 
maipoelie doron doron, 79 
maiz, 150 
maiz de teja, 134 
mala mujer, 129 
MALAXIS 
termensis (Kréinsl.) C. 
Schweinf. 
var. elata C.Schweinf., 10 
MALOUETIA 


Tamaquarina (Aubi.) 4. DC. 
90 


MALPIGHIACEAE, 202 
mamey colorado, 125 
mamey sapole, 125,126 


mameyito, 1138 
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mani, 124 
MANIHOT, 155,156 
Aipi Pohl, 137 
dulcis (J.F.Gmel.) Pax., 137 
esculenta Crantz, 137,154 
utilissima Pohl, 137 
MANILKARA 
Zapotilla (Jacq.) Gilly, 138, 
153 
manzanilla, 130 
marafion, 122 
maripoele kakaoeleo, 79 
matasano, 128 
maté, 99 
MEDULLOSA 
Thompsonii Andrews, 178 


MENDONCIA 
gigas Lindau, 93 
lasiophyta Leonard, 92,93 
MENISPERMACEAE, 67 


MESOXYLON 


Thompsonii Traverse, 178 
metl, 120 
miltdmatl, 144 


MIMOSA 
acacioides Benth., 252-254 


MONOPTERYX 
Uaucu Spruce ex Bentham, 69 


moquillo, 83 
murascaca, 71 


MYRISTICA, 
Bicuhyba Schott, 259 
calophylla Spruce, 242 
fragrans Houtt., 246,247 
spp., 247 
MyrisTIcachab, 246,247 
nance, 125 


nanche, 125 


nantzinzécotl, 125 
naranjas de Quito, 99 
naranjilla, 99 
naranjillo, 97,99 
naranjitas de Quito, 99 
nardo, 144 


NAVIA 
angustifolia (Bak.) Mes., 194 
caulescens Mart. ex Schult.f. 
var. minor Schult. & Schult.f. , 
193,201 
Garcia-Barrigae L.B.Smith, 
194,196 
heliophila L. B. Smith, 194,195 
Lopezii L. B. Smith ex Schultcs, 
195 
var. colombiana L. B. Smith, 
195 
myriantha L.B.Smith ex 
Schultes, 196 
reflexa L.B.Smith, 196 
xyridiflora L.B.Smith, 195 


NEALCHORNIA 
japurensis Huber, 69,70 


NICOTIANA, 118,139 
rustica L., 138,139,154,155 
Tabacum L., 138,139,154, 

156 


niopo, 252,254,255 
nochtli, 140 

nopal, 140 

nopal nochestli, 139 


NOPALEA 
cochenillifera (L.) Salm.- 
Dyck., 139,153 


nopalli, 140 
oceloxdchitl, 149 


Ocunackak, 85,109 
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OLMEDIA 
sp., 249 
oom, 248 
OPUNTIA, 139,140 
amyclaea Tenore, 140,153 
ficus-indica (L.) Miller, 139, 
140,153 
megacantha Salm- Dyck, 140, 
153 


streptacantha Lemaire, 140, 
153 


organo, 140 
OTOBA 
incolor Karst. ex Warburg, 242 
Of 25 
pacaya, 128 
PACHYCEREUS 
emarginatus (DC.) Brit. § 
Rose, 140,153 
PACHYRRHIZUS 
erosus (L.) Urban, 140,153 
PAEPALANTHUS 
fasciculatus (Rottb. ) KGrnicke, 
65 
Moldenkeanus R. E.Schultes, 
187,188 


Schultesii Moldenke, 65 
pahua, 141 
pajuil, 90 
p’ak, 137 
PANICUM 
molliculmum Swadlen, 57 
sonorum Beal, 141,153 
papa, 147 
PARAGONIA 
pyramidata (Rich.) Burret, 92 
pa-ree-ka, 242 


paricd, 242,245-247 ,252-255, 
257-260 


parica branca, 258 
paricd da terra firme, 258 
parica da varzea, 258 
parica de cortume, 258 
parica grande da terra firme, 258 
paricarand, 252,258 
paricazinho, 258 
PARKIA 
spp., 257 
PARMENTIERA 
edulis DC., 141,153 
patachtli, 148 
pataxte, 148 
PAULLINIA 
scarlatina Radl., 73,74 
Yoco R.E.Schultes § Killip ex 
Schultes, 73,74 
payé, 260 
payés, 251 
PERSEA 
americana Mill., 117,141, 
153,154 
var. drymifolia (Schlecht. & 
Cham.) Blake, 141 
Schiedeana Nees, 141,142,153 
PHASEOLUS, 126,142 
acutifolius A.Gray, 142,153 
coccineus L., 143,154 
lunatus L., 143,154 
multiflorus Willd., 143 
vulgaris L., 142,143,153 
PHYSALIS, 137 
ixocarpa Brot., 144,153 
peruviana L., 144 
pubescens L., 144 
picietl, 138 
pifia, 122 
pifioncillo, 136 
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PIPTADENIA, 257,258 

peregrina L., 246,252,255, 
257 

spp., 257 

pitahaya, 134 

pitayo, 140 

PITCAIRNIA 
macarenensis L.B.Smith, 192 
pungens HBK., 192 
patentiflora L.B. Smith, 193 


PITHECOLOBIUM 
spp., 257 
PLEUROTHALLIS 
angustipetala C. Schweinf. , 45 
ciliata Knowl. & Westc., 48 
var. abbreviata C. Schwein. f. 
46 
var. elongata C. Schweinf, 
47 
citrina Schlér. 
var. elliptica C. Schweinf. , 9 
dolichopus Schlir., 50 
ecuadorensis Schltr., 50,51 
excisa C.Schweinf., 48 
fimbrilabia C. Schweinf., 50 
floribunda Poepp. & Endl., 
51,52 
juninensis Schltr. 
var. subaequisepala C. 
Schweinf., 52 
Lindenii Lindl. 
var. longiracema C. 
Schweinf., 53 
macrophylla HBK., 51,52 
macrophylla HBK. sensu 
Lindl., 51 
macrophylla HBK. sensu 
Cogn., 51 
microlepanthes Griseb., 9 
pedunculata (Ki.) Reichb,f. 


var. peruviana C. Schweinf. , 
54 
rubens Lindl., 46,50 
tenuifolia C. Schweinf. , 56 
var. longisepala C. Schweinf. 
55 
tunguraguae Lehm. & Kriinzl., 
56 
POLIANTHES 
tuberosa L., 144,153 
po-muy, 36 
pom, 144 
PONTEDERIA, 190 
POUTERIA 
campechiana (HBK.) Baehni, 
144,153 
hypoglauca (Standl.) Baehni, 
144,153 
mammosa (L.) Cronquist, 125 
viridis (Pitt.) Cronquist, 126 
PROTIUM 
Copal (Schlecht. & Cham. ) 
Engl., 144,153 
PRUNUS 
Capuli Cav., 145 
salicifola HBK., 145 
serotina subsp. Capuli (Cav. ) 
McVaugh, 145,153 
subsp. serotina, 145 
PSIDIUM, 158 
Friedrichsthalianum (Berg.) 
Niedenzu, 146 
Guajava L., 145,154 
guincense Sw., 146 
molle Bertol., 146 
Sartorianum (Berg. ) Niedenzu 
145,153 
PSITTACANTHUS 
peronopetalus Lichler, 202 


quauhcdmotl, 137 
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quauhtzdpotl, 123 
quauhyetl, 138 
quauxilotl, 141 
ramon, 125 
RapaTEAcEAn, 189,190 
rebalsa 90 
RESTREPIA, 51 
ecuadorensis Rolfe, 50 
RHYTIDANTHERA, 109,110 
magnifica, 109 
mellifera, 109,110 
regalis R. E.Schultes, 106, 
108-110 
splendida, 109 
suleata, 109 
RORAIMANTHUS, 86 
SAGOTIA 
racemosa Baill., 70 
var. brachypetala Muell.- 
Arg., 70 
var. genuina Muell.-Arg., 
70 
var. ligularis Muell.-Arg., 
70 
var. macrocarpa Muell.- 
Arie tt O 
SALVIA, 158 
Chia Fern., 146 
Chian LaLlave, 146 
hispanica L., 134,146,153 
polystachya Ort., 146 
SAMBUCUS 
mexicana Presl, 146 
SANCHEZIA 
thinophila Leonard, 94,95 
SANDWITHIA 
guyanensis, 71 
SAPINDACEAR, 73 


sapote, 125 


sapote blanco, 128 
sauco, 146 


SAURAUIA 
brachybotrys Turcs., 82,83 
Comitis-Rossei R. E. Schultes, 
112-114 
pruinosa R.E.Schultes, 81-83 
pseudoruiziana Busc., 84 
roseotincta R. E.Schultes, 83, 
84 
Ruiziana Steud., 84 
var. Weberbaueri Busc., 84 
Spraguiana Busc., 82,83 
tomentosa Spreng., 84 
SAUVAGESIA, 86 
sauwi, 141 


SCHIZOLOBIUM 
amazonicum (Hub.) Ducke, 
258 
parahybum (Vell.) Blake, 258 


SCHOENOCEPHALIUM 
arthrophyllum Seubert, 190 
Martianum Seubert, 190,191 
SECHIUM 
edule Sw., 146,154 
SENEFELDERA 
contracta R. E.Schultes, 72,73 
dodecandra, 73 
inclinata Muell.-Arg., 73 
macrophylla Ducke, 72 
nitida Croizat, 72,73 
SENEFELDEROPSIS, 205 
chiribiquetensis (Schultes & 
Croizat) Steyerm. ex Schultes 
205 

Croizatii Steyerm. ex Schultes, 
205 

SENEGALIA 
spp., 258 
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seringa chicote, 39 
sibisibi, 36 
SIPHONIA, 34 
brasiliensis Willd., 26,28 
discolor Benth., 23-25 
elastica Pers., 24,29 
Kunthiana Baill., 33 
lutea Spruce ex Benth., 27 
nitida Mart., 31 
pauciflora Spruce ex Benth., 
25,387 
rigidifolia Spruce ex Benth., 
25 
Spruceana Benth., 23,37 
SoLaNAcEAR, 91 


SOLANUM, 102,158 
andigenum Juz. 6; Buk., 147 
forma guatemalense Buk., 
147 
angulatum Ruiz & Pavon, 99, 
103 
angulosum, 105 
quitense HBK., 99 
quitoense Lam., 97-103,105 
var. septentrionale R.E. 
Schultes & J. Cuatrecasas, 
98, 100-104 
tuberosum L., 147,156 
Sorva, 89 
SPHENOSTROBUS 
Thompsonii Levittan & Barg- 
hoorn, 178 
SPONDIAS, 136,147 
lutea L., 147 
Mombin L., 147,153 
purpurea L., 147,153 
STELIS 
Endresii Reichb.f., 3 
eublepharis Reichb,f. 
var. glabriflora C. Schweinf. , 
co) 


Herzogii Schltr., 4 
Huebneri Schltr., 3 
Koehleri Schltr., 5 
leucopogon Reichbf., 5 
Lindenii Lindl., 5 
phaeomelana Schlir., 6 
polycarpa Schltr., 6 
santiagoensis Mansf., 7 
simacoensis Schlir., 7 
STERCULIA, 206 
STERCULIACEAR, 75,205 
STYRACACEAE, 89 
STYRAX 
rigidifolius 
forma yapobodensis, 188 
Tessmannii Perkins, 89 
yapobodensis (Idrobo & R.E. 
Schultes) Steyerm., 188 
TAGETES 
erecta L., 147,148,153 
patula L., 147,148,153 
TAXODIUM 
mucronatum Ten., 148 
tecomate, 130,136 
tejocote, 130 
tepejilote, 128 
TETRAPTERIS 
discolor (G.F.W.Mey.) DC., 
204 
methystica R. FE. Schultes, 202, 
204 
texocotl, 130 
tezonzdpotl, 125 
THEOBROMA, 205-207 
angustifolia DC., 148,149, 
153 
bicolor Humb. & Bonpl., 148, 
149,153 
Cacao L., 148,149, 153,206 
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leiocarpa Bernoulli, 148 
Mariae (Mart.) Deen. ex 
Goudot, 76,79 
var. lobata Pulle, 78,79 
pulcherrimum (Goudot) de 
Wildem., 211 
subincanum Mart., 249 
thomé-assu, 71 
THURNIA 
Jenmani Hook.f., 189 
sphaerocephala (Rudge) 
Hook,f., 189,190 
THURNIACEAE, 189 
TIGRIDIA 
pavonia (L,f.) Kerr., 149, 
153 
TILLANDSIA 
incurva Griseb., 198 
patula Mez, 198 
Tillandsiae, 198 
tlaleacduatl, 124 
tlaolli, 150 
tlilxochitl, 149 
tlilzdpotl, 132 
tomate, 144 
tomatillo, 144 
tomatl, 144 
TRIPSACUM, 150,230,232, 
236-238, 262 
australe, 231 
dactyloides, 262 
fasciculatum, 262 
lanceolatum, 262 
maizar, 231 
pilosum, 262 
tu-to-a-vd-u, 91 
tuna, 140 
izicozdpotl, 138 


uaucu, 69 

vainilla, 149 

VANILLA 
Sragrans (Salisb.) Ames, 149 
planifolia Andr., 149,153 


VELLOZIA, 201 
Dumitiana R. E.Schultes, 201 
lithophila R. E.Schultes, 188, 
: 201 


macarenensis Philipson, 200 
Maudeana R. E. Schultes, 198, 
200,201 
VELLOZIACEAE, 198 
VERBENACEAE, 90 
VIROLA, 241,242,246-248, 
257,258 
calophylla Warburg, 242- 
244,256 
calophylloidea Markgraf, 243 
elongata ( Benth.) Warburg, 
245 
incolor Warburg, 242 
lepidota A.C.Smith, 243 
spp., 243 
VRIESIA 
Barclayana (Baker) L.B.Smith 
198 
Scbultesiana L.B.Smith, 197 


WALTHERIA, 206 

zalxocotl, 145 

xicama, 140 

zitomatl, 137 

wviuquilitl, 135 

xocoatl, 148 

xocotl, 147 

yaje, 248 

yd-kee, 242,243,247,248-251, 
256,260 
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yd-kee-oom, 248 yuca, 137 
ya-kee-taa, 249 YUCCA, 121 
aloifolia L., 150 


1- 2 
OS elephantipes Regel, 150,153 


yetl, 138 sapote prieto, 132 


ZEA, 230 
yopo, 252-255 Mays L., 150,153,230 


yoco, 73,74 
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ERRATA 


Page 2, line 8 

for Schltr. read Schlechter 
Page 4, line 21 

omit Beih. 
Page 5, line 27 

for T read I 
Page 6, line 27 

for Murayaco read Murayaca 
Page 65, line 2 

for cretaceous read Cretaceous 
Page 65, line 13 

for cambrian read Cambrian 
Page 68, line 24 

for cretaceous read Cretaceous 
Page 69, line 6 

for proterozoic read Proterozoic 


Page 137, line 2 
for tomato read tomato 


Page 140, line 18 
for emarginatus read marginatus 


Page 147, line 17 
add L. after S. Mombin 


Page 153, line 16 
for emarginatus read marginatus 


Page 153, line 36 
for viridis read viride 


Page 156, line 2 
for cherimolia read Cherimolia 


No. 8, Explanation of Plate XXX, line 4 
for Tetrapteria read Tetrapteris 


No. 9, throughout 
for Belles Artes read Bellas Artes 


No. 9, Table I, last column, line 5 (data for Tripsacum latifolium) 
for 1:1.4 read 1:4.1 
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